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PREFACE 


The recent Education Act, in its relation to instruc- 
tion in Continuation Schools and Classes, makes it 
desirablt*, if not absolutely necessary, that textbooks 
of an elementary nature should appear, such books 
dealing with the Science subjects most closely corre- 
lated to each large industry. Some knowledge of 
Elem^tary Science is essential, not only to the stu- 
dents of Cintinuation Schools and Classes, but to 
practically all who wish to prosecute intelligently the 
study of the technology of uny particular branch of 
industry. 

There are very few science textbooks which refer 
particularly to the textile industry, and it is hoped 
that this book -‘-the first of two parts on Textile 
Mathematics— as well as other books which are to 
be published* shortly,* will supply, in part at least, 
this want in textile literature. 

fhe general principles involved in all preliminary 
bQok§ on Mathematics are identical, ^Itiiough these^ 
principles miy b^ explained in flifferent ways. The 
present book,*while embgdying these comjnon prin- 
ciples, clififers from the usuat books^on ^e subject 
in that ^e principles are explained sp as to appeal 
to textile students, wjiile practically all tfier examples 
and exercise bear directly on the problems of tAtile 

work • 

T. WOODHOUSE. 

A. BRAND.* , 

tgso. 
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CHAPTER I 

INTRODUCTORY 

• • 

Mathematics is the science of quantities, not merely 
of quantities in themselves, but also of the exact and 
definite relation between simple quantities and sets of 
quantities. ^ 

In textile work of all kinds, the solution of practical 
problems deinands exai^t and definite relations between 
certain sets of quantities. To take a simple example, 
one speaks, say, of a No. 8 yarn; the significance of 
thif number varies greatly according to the fibre of 
which the y^rn is composed, afid according to the, 
district in which h its spun and woven. • If the yarn is 
made o| cottoTi fibres^ Net 8, jor simply 8®,twill mean 
that in i lb. of the yarn tjiere should b^ 8 hanks, 
and eacl^hank should jneasure 840 yd. in length. If 
the yirn Is linen or flax, 8 lea^ of 300 yd.,e^ch should 
weigh I Ib.f while* if the yarn be jute, 14,4(50* yd. 
should weigh 8 lb. * , 

^In ?aclf ?^se the^figiye 8 expresses a definite re- 
lation between the length and the weight of^ a certain 
quatitiiy of j^rn, apd it is usually possible to compare. 
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with little trouble, two or more yarns of different 
numbers. The number 8 actually indicates in the first 
two •cases the relation between the lengths of yarn 
contained in a fixed weight, while in the case of jute, 
the same number shows the relation between *a certain 
weight and a fixed length. AU yarn tables are 
founded on one or other of these two bases^ if it were^ 
practicable to number yarns according to irfieir dia- . 
meters, such a basis would possess obvious advantages 
over^the others when dealing with questions affecting 
cloth structure. 

Practically every person has at least an elenxmtary 
knowledge of mathematics, although th(f knowledge 
may not be Recognized by that name. In many in-f 
stances the mathematical^ principle involved is applied 
only to particular cases, and no notion of its general 
application is entertained. It is the purpose of the 
following pages to shew the mathematical principles 
underlying many kinds of textile calculations, and to 
show the application of general mathematical ideas to 
what are apparently intrinsically different problems. 


CHAPTER II 

• • 

SIGNS Ar^ DEKI.NiT10l5s 

In the manipulation of quantities there are, ^n reality, 
two elemfinjtary ideas iRivoIved-,-that of additicrn and 
thal^ 6f subtraction; for multipfication, may be re- 
garded a^a quick method of continued addition, whi(c 
division ^may be regarded a process ^6f'co ft tin ued 
subtraction. In every case all quantities may De 
‘fhanipulated to obtain the desired resul^ bypne or 
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‘ more' of these four operations, viz. addition, sub- 
traction, multiplication, and division. 

To save time and trouble these operations arer de- 
noted by signs, as under: 

The sign 

4- known as plus stands for addition. 

- , minus ,, subtraction. 

X ,, multiplied by ,, multiplication, 

-r ,, divided by * ,, division. 

Again : 

The sign =♦ known as equal to stands for equality. 

,, = is used for approximately egual to. 

- ,, to imply difference between. 

,, 00 means infinity, 

n : »» is to. 

♦ 

The undermentioned numbers and signs, 

6 + 4 = 10 , 

art read, b’added to 4 equals 10, 
or, 6 plus 4 equals 10. 

• 

This is a “numerical equation”, al^houglfa^very simple 
one, and im pries that the terms cri the left-hand side 
of the sign = are of the saipe value as tfte single tbrm 
on the ri^ht of the sanlesign. ^In a somewhat similar 
manner we may introduce 'other sirfiple numerical 
equations as under: 

I0 — 6 = 4, 

,^d read, 10 minus 6 equals 4. 

^Igain, * 


6 X 4 = 24 
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means that 6 multiplied by 4 is equivalent to 24; 
while 

24 ^ 4 = 6 

indicates that 24 divided by 4 is equivalent t» 6. 

It is important to note that however many numbers 
appear on each side of the equality sign ( = ), those on 
one side are exactly of the same value as*tjie simple*^ 
number or group of num))ers on the other side; this 
s(at(;ment is true for alf the different kinds of signs 
atteiUled by numbers or the like whicli are connected 
by the sign (-) of e(|uality. ^ 

Many simple numerical equations nee^ all the first 
five signs which appear in the above four exampleS| 

Thus • 

(6 + 4) - (4 X 2) + l(i8 -f 9) X 4i = 12 

nu‘ans that tin* so-calied “expression” on the left of 
the mark = would, when simplified, have the value 
1 2. 

On the left-hand side of t^ie above equation are 
three pairs of numbers, 6 and 4, 3 and 2, and 18 and 9, 
enclosed in what are known as brackets ( ). The 

last pair, 18 and 9, and also their brackets and» the 
number 4, are enclobed in a larger bracket { while 
a still larger* groii^ of bracketed sets mky appear 
within brackets marked [ •]. It will lie seen that it 
is necessary to have clifferentfy-marked brackets in 
order to avoid mistakes. * 

In the ’a^ove equation the ti^ckets, and’ind’eed all 
the*s<gns used, have exactly the ‘same rpeaning as in 
ordinary •arithmetic; arithmetic is simply a branch j)f 
the parent subject of mathematics. Th|* l 5 ra(^ets, in 
particular, are used to group together quantities whifch 
‘have to be treated as single simple quanj^ties. ^ Thus, 
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the a*bove equation means that 6 is to be added to 4, 
giving 10; that 3 is to be multiplied by 2, giving 6; 
that 18, is to be divided by 9, giving 2, and this 2 
multiplied by 4, giving 8; and further, that the pro- 
duct of 3 and 2, orb, is to be subtracted from 10, giving 
4, and, finally, 8 is to be added to this 4, resulting in 12, 
^the answer or single value on the right. All these 
# operations may be set down briefly in the following 
man ner: 

((3 - 1 - 4) - (3 X 2) + l(l8 ()) X 4I 12 
^ 10 - 6 + (2x4) - 12 

i 0 , - 6 4- 8 -^12 

or 4 -f 8 ^=12. 

3 1 

The foregoing example of a numerical equation 
deals essentially with a particular case; in many in- 
stances general results are required, and these general 
results can only l)e obtained by using symbols instead 
o^ numbers. 'Fhe most convenient symbols are the 
letters of the ^lphabet;\ although any kind of marks 
could be made to serve the purpose. When a group 
or groups of letters appear on the left side of the 
equality mark ( = ), and another set appears on the 
right side of^^e same mark, the^rrangement is said -i 
to be an ‘^algebrarcal equation”. 

An algebraical eqij^tior? of^the same fonn as the 
' above numerical equation n\ay appear as follows: 

b) - (c x^rf) 4 - {{e -^f) x b] = A'. 

0 1 3 

The bracket containing e and / may be removed first, 
and the' eq02Jtion simplified: 

(a -^b) - {c X d) X 

I e 


X» 
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Then all the brackets may be removed, and the*'equa- 
tion stated as under: 

a b — cd = ,v. 

r 

Note that cd means c x d, the product of c and d\ 
€ * 

and that ^ means c T /, the quotient of e and f. 
The simplified form, 


a J, b -*cd + 


A', 


is at present unsolved, and cannot be solved. unless 
values are j^dven to all the letters but oiTc. vSiippose 
that rt = 6, = 4, c = 3, = 2, e = 18, and f — 91 
Then we can llnd the value of .v by replacing* the 
various letters by their numerical values. Thus, we 
change 

•a + b- ai + = -v 

to 6 + 4 - (3 X 2) + ^ X, 

•• y ^ 

or 6-)-4 — 64*8 = jv, 
whence 12 .v 
or .V = 12. 

. * * • .f 

The principal p0int to notice* this stage is the 
funSameijtal Tlifference b(itween the itwo examples. 
The arithjnetical ecpiatlon is a particular case* and the 
answer must afways be 1*2, because the equation deals 
only with definite and concrete quantities.' On the 
others hand, the algebraical equation is a^general case, 
because x may be of different values, according as we 
change the values of the remaining letlfci^s, A-nd the 
equatiorf is correct irrespec*tive ‘of whatever concrete 
Values may be assigned to the symbo^. It i§ not 
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difficiTlt to see that if, in the above example, a = 5 
instead of 6, the value of .r must be n. 

Exercises, with answers, on p. 107. 

CHAPTER HI 

REMOVAL OF BRACKETS 

The use of brackets is attended with one difficulty, 
that of. their removal when an expression or an equa- 
tion reqiiires-to be simplified. The following instruc- 
^ons should be carefully noted: — 

!;• When the sign immediately preceding the first 
bracket of a pair is positive (i-), the brackets may be 
removed and the signs unchanged without altering 
the value of the expression. That is to say, 

^ +■{}’ - ") = A- +_}/ - 

•This process may be proved as follows:— Let the 
lengths of the' straight lines AB, BC, and CD or DC 



(fig. i), represent to any scale the values of* a:, and z 
respectively. Lines AB and BC from left to right 
ma^ bt c6ifsidered positive, while CD, being from 
ri^t to left, may be considered negative. ' To the 
length AB j|>in the length BC, and cut off from the 
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latter the length CD. The length now remairfing is - 
clearly ABD. The result is evidently AD, and AD 
is therefore equal to a' + r — 2. Now AB = a*, and 
BD ^ {y — ^), so that a' {y — z) = a yy — z, 

2. When the sign immediately preceding the first 
bracket of a pair is negative {—)<, the brackets may 
also be removed without altering the value of the 
expression, provided that all the positive .^gns^withift^ 
the bracket are made negative, and all the negative 
signs within the bracket made positive. That is to 
say, 

A - {y - z) ^ X - y y z. 

A - {y — a) really means a — ( y^v — 2;) 

= A - y T xr. 

« " 

This process m^iy alsp be demonstrated in a siiViilar 
manner to the above. Again, let the line AB = a, 
BC =3 y^ and CD = 

Draw AB or a (fig. 2) to the right, BC ov y to the 


B C 


B C 


D. 


A D 
V 

Figr. 9 




left, and* Cl 5 or z to the right; the' result of these 
three is <gain, AD. ^ 

Now, ^ A -• (jv — «) =*. AB — DB * 

« • ‘ * - ab’j^ bF^Td 

, • = X - y y z. 

Example I . — Prove that « 

.. ‘ 7 -X4 + 2) -f (3 - 8) ~ (- 24 + 3) = 17. 



[REMOVAL OF BRACKETS 


9 


This ^becomes 7-4 — 2-1-3 — 8-1-24-3= 17 
after removing all the brackets as explained. Now, 
collect all the positive quantities and all the negafcive 
quantitie's from the lower line. 

7 + 3 + 24 - 4-2-8-3 = 17. 

34 *- *7 = 17- 

Example 2. — Simplify the expression 

3.V — 9 j.v - 12 Sx 4- 12 
3 2 4 * 

• 

1st step: X9— 3 4- (2,V — 6) — (2.Y -h 3). 

^2nd step: .v — 3 4- 2.v — 6 — 2x — 3. ^ 

3rd step : .r - 3 - 6 - 3. 

Final step: x — 12. 


It is worth noting that the division sign, i.e. the 
line separating the numerator from the denominator, 

acts in the same way as a bracket, because 


in. 


3 ^ 


it compels one*to work out each of the terms in the 
group as if each were enclosed in brackets. 

Example j . — Prove by removing the brackets that 


3:r4- 12 ^ 2A' — 4 21 — 34 a:^_ 

4 ’ 3 * • 9 


139A 


4 - 2. 


r. Find the least common rfuultiple of 4, \ and 9, 
as in arithmetic; the L.(i^.M. is 36. Then say 4 into 
36 = 9 for the first ^toup, and we have 9(3.^ -f 
for the numerator. Do this for each of the remaining 
twe groups,^^d the result will be • 

9(3#+ 12) - !2(2x - \) -4(21 - 34 a ) _ ^ 
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2 . Now multiply each term within the bracifets by 
the number outside the brackets, and we obtain 

( 27 *v + io 8 ) - ( 24 A- - 48 ) - (84 - I 36 a-) _ W 39 A- 

3 . Remove all the brackets as^ explained, and then 
obtain 

• > 

2 ‘jx 4 - 108 - 24A* -f 48 - + I 36 a- _ f39JV • 
36 , ~ 36 + 

4. For convenience only, collect all terms which 

contain a', and arrange as follows: ^ 

27 V - 24 A- 4 - 136 A- 4 - 108 4 - 48 — 84 •_ 139 A 

^ + 2- 

5. Fhnd the viflue of* the terms involving a, as well 
as those which do not contain a. 

139 A 4 i 72 ^ 139 ^* . 2 
"36 " 36' ^ • 

6. Cancel out 36 and 72, and we have 

139^^ . . - 139 -^' _L o 
,36 + - - 36 ^ 

The left-lvind side of the original equation has now 
been reduced to^^*its simplest form, ^and the resul^ 
proves that^lhe two sides of thb equation were equal, 
as indicated by the nvark*( = ) of equality. « 

Exercfses, with ans^^^rs, on p. 108. 
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CHAPTER IV 

SYMBOLIC NOTATION 

It is most useful, and sometimes absolutely essen- 
tial, to be able to convert a mathematical expression 
f 5 r law oi^ tule into words, and also to be able to 
represent any law or rule by means of symbols. The 
following examples illustrate Various forms, and indi- 
cate how a rule may be expressed by means of 
symbol^s- they also show how mathematical expres- 
sions may b^* put into words. 

^ Example 4 . — The pitch of a screw is in. How 
man^ threads are there per inch? 

The pitch of a screw is the distance, centre to 
centre, of two neighbouring threads, as indicated in 
two places in fig. 3. 



In the above^ exitn^ple there is i thr^iid in 
hence • • * * * 

16 • ' 

I in. ~ fV or IX — — 16 threads in i in. 

• • I 

• • • ^ 

* ? • 

The pitch is J:herefo1-e the reciprocal of the threads 
py inch. Any two numbers of which the pfrodiact is 
unjty ar? Jelled reciprocal numbers. Thus 5 and -J- 

are reciprocals; so are yV and 12; ^ is the reciprocal 

fr»6i) « 2, 
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X V 

of {/; J is the reciprocal of i or ij ; and - and - are 
reciprocals, and so on. ^ 

In Example 4, ,V is the reciprocal of 16; bnt in. 
is the pitch of the screw, and 16 is the number of 
threads per inch. These particulars may be embodied 
in a mathematical law: — The ffitch of a screw in 
inches is the reciprocal of the number* of threads 
per inch. In symbols, * 

if /> = the* pitch in inches, 

then ~ = the threads per inch. 

Further, if / = the threads per inch, file pitch will 
be because / and * and t and are two paiars o*^f 

t 9 pm t 

reciprocals. 

Example fly-wheel of a mill engine makes 

240 revolutions per* minute (often abbreviated to 

240 r.p.m.). This is equivalent to = 4 

per second. I low long doe% it tak^ to make one 
revolution? 


Resolutions made. 

• • 

Time taken. 

e- -- 

.* 240 

• ^ . • 

1 

1 nfirt or 60 sec. 

I sec. • 

1 ^‘^ec. • 

1 sec. 

L • . » 


*[Vbte that J is the reciprocal bf 4, a^jd i sec. is an 
interral bf time. 

J sVc^ is the reciprocal 6f a* time iitterval, brf|fly 
termed a frequency. If the fly-wheel^^evolves once 
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in I sec., it will revolve 4 times in i sec.; in other 
words, its frequency is 4. 

Example 6 . — Express V ft. per minute, in feetf per 
second. 

Since i sec. is of i min., it follows that 


V ft. per minute = 


ft. per second. 


• 

Example — A mill-engine uses S lb. of steam 
per hour when its load is H liorse-power. How many 
pounds of steam will it use in D days if it runs t hr. 
per da}? What are the meanings of the following 


terms: H x /; 

f li ^ 

The engine uses S lb. of steam in i hr. 

It will use S X / = S/ lb. of steam in t hr. per day. 
,, S/ X D ^ S/D lb. of steam in D days of 
/hr. ^ach. 


D X / = D/ — J3 days of / hr. each 

= the total time the engine is running. 

S •_ pounds of steam per hour 
H horse-power developed 

= ,the pounds of steam used per hour for each horse- 
pov^r developed 

= the pounds of §t^am per horse«power hour. 

S . • 

This ratio ^ is commonly* used to co^^pare the 

H. • • 

relative efficiencies of different classes and types of 
steam-engines. 

H* _ horse-power develop^c^ 

•S pounds of steam per hour 

the horse-power developed per pound of steam 

. , per jjour. 
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S H 

is the reciprocal of so that the Ib. of steam per 

horse-power hour is the reciprocal of the horse-power 
(h.p.) developed per pound of steam per hour. 

Example 8 . — A loom runs at 200 picks per minute 
on cloth requiring 40 shots perjnch. If the loom 
loses 15 per cent of its possible picks through un- 
avoidable stoppages, find its production in#yarcls per, 
day of 9 hr. 


200 picks per minute X 60 min. per hour 
^ (200 X 60) picks per hour. 

(200 X 60) picks per hour x 9 hr. per ddy 
= (200 X 60 X 9) picks per da)\ 

If 15 per* cent picks are lost, then 85 per cewt of 
picks are effective, and we have 

200 X 60 X 9 X “ total effective picks per day. 


There are 40 shots per inch, so that 


200 X f 3 o X 9 X 85 . 


40 


200 X 60 X 9 X 85 
100^ 40 


inches of cloth per day. 


There are 36 in. •per yard, therefore 


200 K 60 X 9 X 8 ^s 
too % 40 

200 X 60 X 9 X 85 
loo^x 40 X 36 , 


« 

= J 5 yd- per day- • 


In the*. above arithmetical example there are alto- 
gether 7 terms, 3 of which are variablg*f6r artiy par- 
ticular ^loth, the remaining 4 being constant for ^ly 
particular weaving factory. The constant term^ are 
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6o, 9, and 36, ix^prescnting, rebpectively, minutes 
per hour, hours per day, and inches per yard, and 100 
the perwentage basis. 


Letj/ = yards of cloth per loom per day; 

e ~ percentage of effective working time; 
P — picks per minute, the loom speed; 
and .S' —•shots of weft per inch. 


Then, 


_ r X p X X g 
~ 100 X X X 36 

60 X 9 X e X /> 
~~ 100 X 36 X .S' 

^ 60 X 9 ^ ep 

100 X 36 s 

= X 

20 .S' 


or 

’ 20^* .S' ‘ 


•The above numerical example can be checked by 
the latter expitission, thus, 


y = • ' 5 

s 


S 


_ *15 X 85 X if:o 

• • 40 

= 63-75 per day. 


Example 9. — Express^!! words, 

{b ^ a c)- 

Tihe above eignifie^ that b is to be multiplied by 
the product of a and c; that a is to be divided by the 
prodttct,of b fpd c; ^nd that the value or quotient of 
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the second group of symbols is to be subtracted from 
the value of the first group contained in the brackets. 

I^xample lo . — The picks or shots in any cloth, 
multiplied by the reed width in inches, multiplied by 
the cloth length in yards, and the product of these 
three terms divided by 840, is equal to the hanks of 
weft in a piece of cotton cloth. Express t^is value ia 
symbols. 

Let S shots «(or picks) per inch; 

R - reed width in inches; 

C - cloth length in yards; 

H hanks of weft in the clyth. 


Then, 

H 


S >f R X. C 
840 


SRC, , 

,, - hanks. 
840 


Exercises, with answers, on p. 109. 


CHAPTEk V • 

RECTANGLES AND SQUARES 

The two lines ii^*a compass which ci'^s each other 
and which respectively to •North and South, 

and to East and W^st,*are jDerpenflicular, to each 
other, or ^t right angles to each other, because each ^ 
pair of adjacent lines from ijie crossing-p^int C, in 
fig^ 4, en>braces onecquarter^ of the 366 cfegrees, 
or 4® = 90 degrees. It will be e\vdent that 90 
degrees ^one right angle) will be enclosed betwey^n 
two perpendicular lines whetl>er such Ime^ be of 
,,^equal length or of different lengths. Thus the line 
EB^ an extension of the line )VE, longer* than 
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the line NS, and the line WB is considerably longer 
than the line NS, but all the angles in the figure 
are right angles. The four heavy lines which •cir- 
cumscribe the ring or circle are all the same length; 
these four heavy lines constitute a rectangle as well 
as a square. The, dotted extension in conjunction 
^ith the east side, H, is also a rectangle, but not a 
, square, aitd the complete outline of the ligure in the 
illustration is still another byt larger rectangle. 


N 



*The Rectancjle. — A rectangle is thus a 4-sided 
figure in which all the angles are right angles, and 
in which two parallel sides are perpendicular to the 
others two parallel sides. 

The. Squ^e. — A square is it q-siefed figure in 
* which all the sides are of the samelengUb and all^the 
angles are riglft angles. • • 

Fig. 5 is a rectangle 6 units long and 4 units 
broad. has four si(^s — AB, BC, CD, and DA. 
The side AB = the side CD, ^nd the side,BC = the 
side AD. T(je words * **the angle enclosed bettveen 
tvi^ adjacent^ sides AB and BC may be Expressed 

by^l^BC. Tde four angles A^C, BCD, CDA, and 

DAD aj-e alj^ right^ angles, that is, each angle is 




i8 TEXTILE MATHEMATICS * 

equal to 90^. If AB is divided into 6 equal parts 
by the points i, 2, 3, &c., and BC into 4 similar 
eqifal parts by the points 6, 7, 8, &c., apd lines 
drawn from these points parallel to two adjacent 


D 13 12 li 10 9 C 



A' 1 a 3 ^ 5 B 


♦I'll,' s 


sides, the rectaipc^le is divided into 4 rows of 6 little 
squares each, or alt6*,rether 24 little squares. Each 
square is i unit long and i unit braid, and is called a 
square unit. The whole area of the rectangle thus 
contains 24 sq. units. 

But 6 units x 4 units 24 sq. units; hence 
length X breadth area of rectangle. , 


If the linea/unit is i in., 
the unitiof area w'ill be i sq. ' 
in . ; similarly, if the linear 
unit *be i yd., the unit of • 
are^ will be i sq, yd., and 
so op. 

Again, witl\a square, such 
as that in fig, 6, the sieves 
FG, Ga,‘and ‘HE^are 
all equal, and the 4 angles 
are right angljjs. i»clear 
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that each side is 4 units long, and that there are 
16 sq. units in the area. 

Area of square = length of side x length of sifle 
= side squared, or side’^. 

Side" means side ipultiplied by itself. In the same 
^ay we ^lave 4" = 16; 8’ -- 64; a- — a x a; 

,.v“ = tV ><^x, tS^c. 

Symbolically, let 

A - area of recta Jig le ; 

L — length of long side ; 

^ b ^ breadth of short side. 

Then, A - / x by 
^ or A = /b. 

In such an equation, A is said to be given explicitly 
in terms of I and by and that / and b are only given 
implicitly. It is most important to note, however, 
that if any equation is stated in the form A = Iby 
that one can also find the values of / and b. Thus, 
if we divide each side *of the equation A — lb hy by 
we obtain 

A _ lb 
~b ~ b’ 


Then, by cancelling the two b's on the right hand 
side of tile eqAlity m/irk C=),.we get • 


A 

^b ^ 
so that I ~ 


/, 

A 

b 


ImVords, the length ^f aVectangle is equal t# its area 
divicjed by i^ breadth. 
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By a similar method it may be shown that 



Again, let A the area of a* square, 

ajul A' “ the side pf same square. 

Then, as indicated above, 

.'i = .v=. 

or ,v-' - A. 

If the square root of each ec|ual quantity is«taken, 
we have 

\/s" =" x/A, 

or A' — -^A. 

In words, the side of a scgiare is equal to the square 
root of its area. , 

In making use of these rules, it is essential that the 
units of area and length should correspond. Thus, 
if the square or rectangle be pleasured in inches, tlie 
area will be in square inches; if the area be in square 
yards, the length will be in yards. 

A knowledge of the following tables musfc be 
acquired:—* * # 

I. *Linj:ar Measi>re 

12 inches i foot. • 

3 feet = «i yard. 

yards = i pol^or perch. 

40 * poles ^ I furlofig, or 220 yards. 

8 furlongs^ = i mile, or 1760 ^ards, or 

5280 feet. 
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II. Square Measure 

144 square inches =:= i square foot. 

9 square feet = i square yard.* 

3o| square yards = i square pole. 

40 square poles = i rood. 

4 roods, or 4840 scp yd. = i acre. 

It is als^) 'useful to remember the length known as a 
chain (Gunter’s chain). This is extensively used in 
land surveying, and is equal !o 22 yards, or yV)tli of a 
mile. 

ExcunpLe //. — A piece of canvas is 24 in. wide and 
50 yd. long.* What is its area in square yards? 
Length = 50 yd. 

Breadth = 24 in. ^ 36 in*, per yard = ^ yd. 
Area l x b 

24 too* 

== 50 X ^ yd. 

^Example 12, — A small sample of cloth measures 
2 in. square a^id weigfis 28 gr. Find the weight of 
the cloth in ounces per square yard. (7000 gr. in 
I 437i gr- in i oz.) 
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Example /j». — A cotton carding- room measures * 
io8 ft. long by 48 ft. wide. It contains 36 carding- 
en^ines each occupying a Hoor space of 10 ft. 4 in. 
by 6 ft. Find the area of the floor, the area actually 
occupied by the machinery, and the ^rea taken up for 
passes and the like. 

Area of room = length \ breadth 
= 108 ft. X ^8 ft'. 

, _ = 5'«4 ^‘ 1 - ft- 

E'loor space for 1 engine = io\ ft, x 6 ft. 

= 62 sq. ft. 

Area occupied by 36 engines = (62 x 36) s(]. ft. 

= 2232 sq! ft. 

Area left for passes = (5i^^4 — 2232) sq. f>. 

= 2952 sq. ft. 

Example 14. — Find the cost of paving a passage 
in a factory, 88 ft, long by 9 ft. wide, at the rate of 
47.y. per square yard. 

Area of passage = length x breadtli 
= 88 ft. X 9/t. 

= (88 X 9) sq. ft. 

= z - gg sq. yd. 

9 sq. ft. per sq. yd. • 

Cost of pavitig = «88 sq. yd. x 47J. pe^sq. yd. 

^ -•4136.9., or i6j. * 

« . t . . 

Example /j. — Find |he cost of a carpet, 27 tn. wide, 
at lOJ*. per yard, foi the complete covering of a 
room 22 ft. long by 18 ft. \w.de. 

# Area oY carpet = ^area of ffo©r 
, •- 22 ft. X 18 ft. 

= (22 X 18) sq. ft 
Width of carpet = 27 in! * 

= 2j ft. 
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Length of carpet = (22 x 18) sq. ft. -f- 2| ft. 

= 1 76 ft. 

. = 5 «:; yd* • 

Cost of carpet = 58- yd., at io.f. 6c/. per yard, 

= X ^ - shilling's 

. 3 2 

= 616 shillings, or ^30, 16.9. 

Example 16 . — A wool-store is to be erected on a 
square plot of ground known# to contain 3364 sq. ft. 
Find the length of its sides. 

Area of square = side^, 
and side = Varea 
= >/3364 

= 58 ft- 

• • 

Exercises, with answers, on p. no. 


CHAPTER VI 

TRL\NGLE.S 

As the name implies, a triangle is a plane figure 
bounded by^three straight lines and including three 
angles* The definitions regard in*g^ the various types 
of triangles ap^eai^ Selow. 

Equilateral TriaStgle. — An equilateral triangle 
has its three sides equal, as ABC in fig. 7. It may 
be provecf • I, 5)'^hat the three anglas of this 

triangle are equal, ana since tfie three angles of »ny 
triangle are equal to iSo"*, each ar»gle of an equilateral 
trianglt is 

Isosceles Triang?le.— A n isosceles triangle has 
two equal si^es, as DF and FE in triangle DEF in 
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fig. 7, It may be proved {Euc. I, 5) that the kngles ' 
opposite the equal sides are equal ; hence, if one angle 
is Imovvn, the others may easily be found. 

ScALKNK Triancle. — A scalene triangle has three 
unequal sides, as GIIK in fig 7. r 

All the above types are named with reference to the 



lengths of the sides. •Triangles may also be Classified , 
according to the size of the angles they contain, and 
as follows; — ^ 

flwHT-ANGLED T riXngle. — A» right-angled triangle 
has one, of its angles a right angle (90”), as in the 
triangle LMN in fig 7, The angle M is^Viglit an^e, 
and the*side LN opposite tfie ri^ht angle is callecfthe 
liypotenuse. It is proved in Euc. 1 ^ 47 . that the 
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squar^ on the hypotenuse is equal to the sum of the 
squares on the other two sides, i.e. — /^ + uK 

Obtuse-angled Triangle. — An obtuse-angled 
triangle has one of its angles obtuse, i.e. greater than 
90^ as angle K wi triangle GKH, fig. 7. 

Acute-angled Triangle. An acute-angled tri- 
angle has all its angles acute, i.e. each is less than 
jqo^, as A^St or J)EF, fig. 7. 

The right-angled triangle is a very important one 
in all branches of work; its properties enable a certain 
class of problem to be easily solved. The word tri- 
angle naay be conveniently represented by the sign 

Example — Find the length of the hypotenuse 
Oif a right-angled triangle when the other two sides 
are respectively 9 ft. and 12 ft. 

Referring to fig. 7, in the*^LSlN, 

— P -f 
= 9 “ + 12 “ 

81 + 144 
= 225, 
and m = 

= 15 ft., the length of hypotenuse. 

It Should ^jso be noted that if 
ml — P 

and if Jje subtracted from'feach side of the «5quation, 
then w* — •= fpy 

whence n ^ s/ 

In the same# way it may be shown that 

^ / = \/ni^ — fiK 

Notice !hat 9 4- 16 = 25, 
or 3^ + 4^ - 5®- 
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Consequently, it follows that a right-angled triangle * 
may always be drawn if the three sides are kept in the 
pronortion of 3, 4, and 5. Many textile machines are 
in two or more separate parts; to take a simple 
example, a beaming- machine corvsists, say, of a 
bobbin creel or bank and the winding-on mechanism. 


g 



R 

Fi«. 8 


In order thav each part may work properly with the 
other, it is essential tiiat they should have a' tommon 
centre-line, i.e. the centre-line of each part should lie 
in one straight line. Thus, in fig. 8, ABTepresents 
the back fine of the Beaming-machine proper trans- 
ferred t(x the floor, and C is the middle point. From 
C mark off to left and to right the poi^fitl D^and^E, 
^^eafh 3 units from C. The unifs would probably *^be 
1 ft., but any other suitable unit ma^i be utijized. 
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WitlT C as centre, and a radius of 4 units, draw the 
arc FG. Willi 1 ) as centie, and a radius of 5 units, 
draw the arc IIlv, and with the sani(‘ radius a»d 
as centre^ draw the arc l.iM. If correctly drawn, the 
three arcs will jiieet at a common point P. Join C 
to P, and extend the lim? in the required direction to 
S and R. 

In the iiaan^les PCI) and PClt, ('I) and CP are 
each 3 "units, 1^1) and Ph2 are (xich 5 units, and the 
common side CP is 4 units. I'he triangles are there- 

' A 

fore right-angled, the right angles being PCD and 

A • 

PCE. rhe^ine R.S will thus coincide with the centre- 
yne of all the parts of the machine. 

Tilie following thre(‘ statiunents concerning tri- 
angles are proved by Euclid, and are worth keeping 
in mind: — 

I. Any two sides of a triangk: are together greater 
than the third sidg. {Euc. I, 20.) 

^ 2. The three angles of a triangle are together equal 
to two right angles. 2#x 90' — 180''. {Euc. I, 32.) 

3. The area of a triangle is half that of the rectangle 
on the same base and having the same altitude. 
{Eu^ I, 41.^ 

Any* of |;he three points or apice^of a triangle may 
be called the vertex*; The side opposite l^e vertex then 
become3the base. In fig. tljc point A is t*he vertex 
of the ^ABC, and BC is tiie base; simifarly, G is 
the vertexiof the The perpendicujar AF is 

drawn from the verje\*A of tfee first triangle to ^he 

base, so that *B^A = AFC = db'", and th» line AF 
measuft3s tfie/ieight or altitude of the triangle. The 
ED is parallel \o tfie line BC, and h^nce Xhe 
recta,ngle EBCD is on the same base, BC, as the 

(D«i) - 3. 
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^ABC, and the altitude Ah" = the side BEL' It 
is not difficult to see, and it may easily be proved, 
that ^the two shaded triangles are equal in area to 



the two unshaded triangles, and thercTon' ^aABC 
= i rect. EBCD. Consequently, 

Area of ^ABC I area of rect. EBCD 
- I (BC X i:b) 

BC X AF 
^2 

_ 

2 

where a ^ tlie altiUide, and b — the ba.<e. 

Let'^^A = the ari^a of the triangle, 



Multiply both sides of flie equaTioii by 2, then 2 A = ab. 

*“ 2A 

Divide both sides of the equation by b, -j- = e, 
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that is to say, the altitude of a triangle is equal to 
twice the area divided by the base. 

In a, similar way, it may be shown that 
, 2 A 


i.e. the base of a triangle is '^qual to twice the area 
divided bj^*the altitude. 

Example 18 . — Find the wey:^ht of a triangular sheet 
of metal intended for a sliver conductor if the base 
measures 6 ft. ti in. and the altitude is 3 ft. 6 in., 
the sheet weighing 8 oz. per square foot. 

ab 


Area 


Weight 


3 ft. 6 in« X 6 ft. 

2 

42 in. X 83 in. 

2 X 144* 

12 * 104 S(j. ft. 

12* 104 S(j. ft. X 8 
t2* 104 X 8 
16 OZ. per pound 
6*052 lb. 


sq. ft. 


In practic?^ it is not always p(^sible*to* obtain the 
• vertical height; the ^ following mt"thod^ illustrates a 
case where it is^more convetiient to measure the th’ree 
sides only. It is a common aiM excellent siethod to 
indicate the lengths of the sid^s of a triangle by small 
letters whiT:h correspontf to the similar larger letters 
at the opposite vertices.* This*is done in two of flie 
triangles in fi^. 7. 

•Let*/ ^ the ^emi-peri meter of a triangle, 

* i.e. half the sum of its 3 siefes. • 

ipby and = the 3 sides. 
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Then, 2.v a + /; + r, 

, u i) c 

and vV — 

2 

It can be proved that the area A of a triangle is 
A = sjs(s-a) (s-b)lx~c). 

Example 79. — Find the area of a triangh^^r plot ol 
ground intended for drying bleached hanks of yarn, 
the sides of the plot measuting 40 yd., 46 yd., and 
50 yd. respectively. 

Area - J s{s - a) {s - 
and .S' I {a + /> + c) 

(4^ d" 4^ "F 5 ^) ~ 

A -- v^68{(i8 — 40) (68 — 46) (68 — 50) sq . yd. ' 

= \/68 X 28 X 22 X 18 sq. yd. 

^ 7539 '^ 4 > <%8-3 sq. yd. 

Exercises, with answers, on p. i ij. 


CHAPTER VII 

^ QUADRILATERALS 

QuADRiLATi'^.RAL. — The term vjvadrilatefal may be ' 
applied to any plane figuiXi bounded tey four^ straight 
lines. The square ancf rectangle are thus special kinds i 
of quadrilaterals. Other specaal forms of qi^adri lateral 
are the parallelogram^ the rlifunbus, the trapezium, 
anS the trapezoid. *' ^ 

Parallelogram! — A parallelogram Js a quac^.i- 
lateral figure in which both pairs of opposifb sjdes 
are parallel. The square and rectangle are therefore. 

^Quadrilateral figures, or rather^ parall^logra^m»; in 
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general, a parallelogram Is considered to have angles 
which are not right angh's. Examples appear at 
A BCD and I{FGI 1 in fig. 10. 

Rho’mhus. — A rhombus is a quadrilateral figure 
all the four sijies of which are equal, and all the 
angles differing from right angles. 1 '. f'Cill, lig. 10, 
is therefore a rhoml^us. 

* The stj^lght lines AC, BD, KM, LN, &c., drawn 



from corrver to corner in fig. 10 are called diagonals. 
Note that eacl^diagonal divides the quadril^teral’into 
two equal or unequal trianglesf 

Trapezium. — A trapeziunt is a quadrilateral which 
has onje pSir of opposite^sides parallel, as KI* and NM^ 
in the diagram KLMN*, fig. i< 5 . * . • 

TrapezoiiT. — A trapezoid \s\jel quadrijateral in 
\vtiich^no t\to sides* are parallel, as PQRS, fig. 10. 

B . — These two \lefi rations are often revt«rsed.. 
Referring^o fig. 10, it is evident from the construe- 
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tion of the two upper figures, and is prov*ed in 
Eiic. I, 34, that: — 

I * The opposite sides of a parallelogram or rhombus 
are equal. 

2. The opposite angles of a parallelogram or 

rhombus are equal. » 

3. The diagonals of a parallelogram or rhombus 
bisect one another, i.e. they divide each oth^r into two" 
equal parts, and also c|»vide the figure into two tri- 
angles which are equal in every respect. 



It may also be shown that the diagonals of a 
rhombus bisect each other at right angles. 

All the rules which are applicable to the soluti^^n of 
triangles ma)'*also bp applied to the soluti6n of quadri- 
laterals, since the* latter can be, divided inio two tri- 
angles. , Special rules are, however, often much more 
convenient than the above method. 

Fig. II illustrates a‘ parallelogram ABCD on 
a base AB; this line AB iV also the base of the 
rectaggle ABEF. * « 

It may,^ be provf^c! (Euc. I, 35) that ihe area of ^ 
parallelogram is equal to that o*: a rec^drfgle ton tlie 
same base and having the l>amd height. If ^ EflSE 
cut off and placed in a position sq as to form 
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^ A*DF (shown shaded in i 1), a rectangle AHl^F 
is formed. Then, 

Area, of parallelogram A BCD — area of recLfngle 
ABEF 

= AB X AF 

base*x perpendicular height. 

If A = area of parallelogram, 
b — base, ^ 
h ~ perpendicular luught, 
then A — M, 

from which ^t may be deduced that, 



and h = , . 

b 

Example jFind the area of a parallelogram the 
base of which is 4 ft. 3 in. and the perpendicular 
height (the Ijeight af right angles to the base) is 
6 ft. 2 in. 

Area A — bh, 

= 51 in. X 74 in. 

= 3774 sq. ifl., 

26*2 sq. ft. 

• 

Example 21 , — Find the Ijeight of a rhombus the 
area of wiiich is 18 sq. ^*t., and the side 4 ft. 6 in. 

Area A ^ x //, * 

• A 

w^i^mce li 

^ 18* sq. ft* _ 18 _ t 
~ 4 fL 6 in. ~ 4.V ^ *'* 
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Trapezium. — In I'lg. 12, ^LMN represefits a 
trapezium with the base KL parallel to the opposite 


N M 



side MN. Join LN, and draw NT perpendicular to 
A A 

KL; then NTK and Nl'L are right angles. Now, * 
Area of trapezium IvLMN = area of ^KLN + 
area of ^LMN 

KL X NT ^ MN X NT 
”2 2 * 


Taking the common factor 
NT 


NT 


outside, we have 


A = 


2 « 

(KL + MN) 


= NT 


(KL + MN) 


But KL,and^MN are tlt,e two paraljel sides of the 
trapezium, so that ^ 

= half the sunt of the paralltl sjdes, 

and NT is the perpendicular distance between them, 
so that f 

Area q 4 trapezium = J su\n of 'parallel sides x tfie 
perpendicular distance between them. 
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If A;*and y are the pkrallel sides, and d is the per- 
pendicular distance between x and j/, then, since 
, A = the area of the trapezium, 



from which it may deduced that 





Example 22.— A factory or mill site is in the form 
of a trapezium; the two parallel sides measure 6 chains 
and 8 Chains respectively, and the perpendicular dis- 
tance between them is 5 chains. Find the cost of the 
si#e at the rate of per acre. 

Note: 22 yd. = 4 chain. 

22'^ or 484 sq. yd. = ac. 

Area of site = area of trapezium 

= a ^ 

2 

= , tA) 

^ 2 

= 5X7 

= 35 sq. chains 

= 3-5 ac. , ^ 

Price of site = ^ 3*5 ac. 

= £262$^ 

9 • 

Irre(!1ular Quadrilaterals. — The ar^a of an 
irregular quadrilateral or trapezoid, such as PQRS 
in fig. 10, is found by (drawing a diagonal, "and cal- 
culating the areas o^the two friangles thus formcfd; 
ap^ measurements which enable t^ areas of the two 
triangle to*lD^ found^will also be necessary to calcu- 
late the area of the quadrilateral. The m0st con- 
venient way ^involves only three measurements, and 
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• 

may be termed tlie off-set method; it is explained 
below. 

iLxample — Find the rent, at per ^cre, of a 
quadrilateral plot of g^round of which one diagonal 
measures 15 chains, and the off-sets from it to the 
other two vertices are 8 chains jind 12 chains respec- 
lively. ^ , 

Referring to fig 13, AHCf) is a quadrilifteral reprer 
senting the plot; the diagonal AC is 15 chains; FD 



and EB are the two off-sets of 8 and 12 chains, both 
being perpendicular to the diagonal AC. 

Let AC — d) ^ 

FD == ,a: 

, ^ d. e 


Area of . quadrilater&l ABCD — area of ^^ACDi 
+ area of ^ABC. ^ 

•A = (i AC X FD) + (} AC X EB) ' 


fix") 

f (a + l>) ' ^ 

5 diagonal x the sum the off-sets. 
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With*the values given in Example 23, we have: 

A = ^(8+ 12) 

15 

= X 20 

• 2 

^ 150 sq. chains 

— 15 a(\ 

Rent = 15 X ^'5 -- ^'75. 

Exercises, with answers, ()n*|j. 113. 

CHAPTER VIII 

POLYGONS 

Polygon. — A polygon is a plane figure bounded by 
more than 4 straight lines. A regular polygon is one 
in which all the ^ides are equal and all the angles 
ec^ual. 

A polygon w^th 5 sidt^ is called a Pentagon. 

,, ,, 6 „ Hexagon. 

,, „ 7 „ „ Heptagon. 

• ^ 8 ,, ,, an Oct^on. 

9 „ ,, ?i^Nonagon. 

,, ’ ,, lo. ♦ „ ,, Dec^on. 

» ♦ • 

. ABCE)EFGH in fig. 14 is a *%2gular octagon, since 
all its 8 sides are equal and ifll its angles are equal. 
If the a«gl?s are bisected* the bisectors (showa in thin 
lines from the centre of Ihe circle to the outer circle) 
will all meet *at one point, the *nentre, aa stated. 
With a*radi\iS^equal ^o half the diameter, i.e. half of 
AE^^nd rotating about the common central point,, a 
circle^may be^ drawn which will touch all the points 
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ABCDEFGH; this outer circle is called the dircum- ' 
scribed circle. 

The dotted lines which bisect the angles of the 8 
isosceles triangles also bisect the 8 sides of the* octagon. 

If a circle is drawn with a radius eqyal to the distance 
from the common central to point the middle of any 
of the sides of the octagon, this circle will pass through, 



or touch, all the points K, L, M, &c. * Such an inner 
circle is called the inscribed circle. 

Since the octagon is divided up into 8 equal i^sceles 
triangles, ' the are^ of the octagon ma/ be found by 
calculating yne l)f the triangle;^ ,and muKiplying the 
result by 8. The general case- nviy be stated as 
follows. , Let the polygon have n sides, thdn: Area 
of polygon = the area* of n equal triangles. 

* ah * • 

• A = «x (whei^i a = "kltitude, and ^ = base) 

V(”x‘)“- . I 

,JIut since {n x h), = the number of sirfes multiplied 
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by the* length of each, the result is the perimeter of 
the polygon. Hence 

(2 ^ ~ perimeter, 


so that the rule deduced may be stated as follows: — ■ 
T<i find the area A of a regular polygon of n sides, 
.piiiltiply haif*the perimeter by the perpendicular drawn 
from the centre of a side to the centre of the circum- 
scribed and inscribed circles. 

Example — Find the cost of a hexagonal sheet of 
metal, §6 in. side, at the rate of 4.V. per square foot; 
the perpendicfilar which bisects the side and passes to 
thg centre is 13 J in. 


Area 

A 


nab 

2 

6 X 13^ X 


16 

sq.^in. 


6 x» 13*875 X 16 . 

= sq. ft. 

2 X 144 ’ 

= 4-625 sq.’ft. 

Cost = 4*625 sq. ft. X 4^. per square foot 
= 1 8.r. C)d, 


t is pot ^ways convenient in yractic^ to measure 
the perpendicular; ^Ulficulty may e^^perienced in 
finding the exa(%t centre of the circumscribed* and in- 
Tscribed circles. Rules can b& deduced, however, 
which are independent of the perpendicular, but these 
involve* trigonometrical ^ratios of the angle :5 of the 
triangle ; the discussion of these ratios is outside itie 
scope of the present chapter. 

Whefi the* a^as of ^rregular polygons are required, 
Jt fe^always possible to cfivide such figures* into, a 
number of triangles, rectangles, trapeziums, or the 

t . 
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like, or into a number of each kind. Such a case is 
demonstrated in the next example. 

Example 2 ^, — A plan of a dining-room \s repro- 



* duced in fig. 15. Part of the ftoor is covered with a 
carpet RSTV, 4 y.Cl. by 4?. yd., the remainder being 
covered with linoleum. Find |he wh(jfe*areil of the 
room, ‘that of the carpet, and that coverecT^by 
ilinoleum. 



CIRCLE 


‘It 

Area of floor = 2 unequal rectangles ABCL and 
NPFG, 

-f 2 ecjual triangles KM 1 1 and 

-f- 2 equal trapeziums MNGM and 

. r^QHF. 


A/ ~ (16 ft. X 15 ft.6*in.) -f- (4 ft. X 3 fl. f) in.) 

• /i 2 ii*. , .. \ /2 ft,. f)in. 4 - 7 ft. 6 iii. . N 

4 - 2 f ^-X 2 It. bin. j+2( X2iin.) 

= (16 X i5t) + (4 X 3 i )+2 (J »C 2^) -f 2 (3 X r|) 

= (248 + 14 + 2 \ + loj) sq. ft. 

= 275 S(j. ft. 

Ar*a of ('^rpt 4 13 ft. 6 in. x 12 ft. 

A, (13I X 12) .s(j. ft. 

• ^ — 162 st|. ft. of ('arpet.* 

Area of linoleum - 275 s<|. ft. — 162 scj. ft. 

A/ - 1 13 sq. ft. 


Notk. — The subscript letters y", 4 ^'tnd r in Ay, A/, 
and A,, must not confused with such expressions as 
A 4 , A'', and A'. In the former cases, the small letters 
are distinguishifig signs* in the latter ('ases, the small 
letters are indices. Indices are fully explained in 
Chap. XX. 

Kxd?-cises,%with answers, on p. 113. 


chapter'ix 

CJ^CLE . 

• 

.Circle. — A* circle is a plane fig^are enclosed by a 
curved^line*c\lled th^ circumference; all points on 
thi#*circumference are equidistant from the*centi:e, 
and tjiis distance is equal to a radius.* ABD, fig. 16, 
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shows three points on the circumference of a circle, 
and C indicates the central point. It will thus be 
see^i that the lines CA, CB, and CD are three radii 
of this circle. Moreover, two of these radii, CA and 
CD, are in one straight line; the two radii, so dis- 
posed, form a diameter of the girclc; hence, AD is 
a diameter, and all other straight lines ^which touch 
two points on the circumference and pass .di rough the 



centre C are diameters. Circles are often measured 
in terms of their radii, but in practice it is perhaps 
more common to measure them in terms of their 
diameters. ^ 

It is found tha^ the ratio beUyeen the circumference 
and the^diar.ieter of a citx^le is constant. Thus, 


Circumference 

Diameter 


approximately or V- 


The exact value of the ratio between the circumference 
and the diameter cannot be Expressed in figures, 
although it may," of course, be writtery with any re- 
quired degree of accuracy, TJ^e above valuP, is 
roughl^ correct; the value 3*14 is more correct, "^nd 
is often used; ‘3*142 is correct to t|lree places of 



CIRCLE 


43 


decitpals C3* 1416 is also often used, and is correct 
to four places of decimals; still more correct values 
are: 3-14159, 3-141593, and 3-1415926. This ratio 
in mathematics is generally expressed by the Greek 
letter tt (pronounced />/); hence, one may write 
Circumference of circle _ 

Diameter of circle ’ 

where ir ^ ‘y, 3 ** 4 » 3 * 14*^1 according^ to the 

degree of accuracy required. 

Let c — the circumfi^rence of a circle; 

r = the radius; 

d — the diameter; 

*7r - the above-mentioned ratio. 

Then, S ’ 

or c — ird (2) 

Dividing each side of the latter equation by tt, we 
have 

c _ ird 

^ IT 

’ c 

whence d — ... (3) 
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Example 26. — Find the circumference of the, take- 
up roller of a loom if the effective diameter of the 
roller is 5J in. (Use tt = 3*H*) 

c — ird 

= 3* 14 X 55 = 17*27 <n. 

Example 2 ^. — Two shafts are connectecj by meauiS 



of two pulleys and a belt. See 17. Find the mini- 
mum length of belt refiuired. 

Length = 2{\ pulley circumference) 

4- 2(dist4nce between centres) ' 
= pulley circumference + (2 x 14 ft. 8 in.) 
= ird + 29 ft. 4 in. 

= (.3*14 X 4) 4- 29 ft. 4 in. 

= I2*5(; ft. 4- 29*33 ft^ ^ 
c = *41 *89 ft. 41 ft. 10^ injc 

In this example and the next no allowance ,^has been 
piade for thf thickness of the belt. 

Example 28 , — A double-beatef scutcher is driven 
by means^ of a i6*^in. -diameter pulley ^r^unning jat 
1200 revolutions per minute^ Fjnd ther speed "bf^the 
belt in fbet per minute. ^ 
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In I'rev^olution of the pulley the belt passes through 
a distance equal to the circumference of the pulley. 

Circumference of pulley = ird 

= 3* 14 X 10 in. 

^ 3:I4_ X 
1 2 


n I min* the pulley makes 1200 revolutions; 


speed of belt = x 1200 

= 3140 ft. per minute. 

Example 2 q . — The cylinder of a carding-engine is 
5oin. diameter over the wire, and runs c^t 165 revo- 
lutioiis per minute. Find the surface speed of the 
pins in feet per minute. 

Surface speed = circumference of roller in feet 
X revolutions per minute. 


S = xf r.p. m. 

= [(3*14 X 5j)) X 165] in. per minute 

3 »i 4 X so X 1 6s ^ 

= — per minute 

12 ^ 

== 2138-75 ft. per minute. 


Example jo . — It is desired to «heck *he diameter 
of a fly-wheel by ftiSasuring its circu«nference. A 
«teel tage is p^sed round ®the wheel and fndicates 
•37 ft.^ 8^ in. If the diameter* is nominally 12 ft., 
what is th® error? 


• * 37 ft. 8t in. 

* 3*14^ 


=% 144*035 in. :«= 


• . 

452-5 

3-1416 


in. 


12 ft. 0-035 in. 
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The fly-\vh(‘el is therefore 0*035 i*’** (hilly ^. 2 ) ' 

lar^^e in diameter. 

J^.xample j/. — An emery-wheel, lo-in. diameter, 
is to have a g^rinding speed of 5000 ft. per minute. 
How many r.p.m. should it makej* 

Surface speed = W x r.p.m., 
or S = ird X r.p.m.; 

S 

izli 

* 5000 


r.p.m. 


3* 14 X 10 in. 
_ 5000 X 12 

“ 3‘ 14 X 10 in. 


9io*§ r.p.m. 


Area or a Circlk. — Referring^ to fig. 14, wht;re 
a regular octagon (8-sided polygon) is shown, let it 
be assumed that the number of sides within the cir- 
cumscribed circle be increased to 16; then it is clear 
that the length of ‘each side would become much 
shorter than those shown, and that the lines would 
appear nearer to the circumscribed circle; as the 
number of sides is further fticreased^ they approach 
nearer and nearer to the outer circle, while if the 
number of sides is increased to a sufficiently great 
degree, it jvill become impossible to dist^hguish 
between the pojyj^on and the circumscribed circle, 
A circle ma^t thus be regarded*^ a polygon with an 
infinitely large numj^er t)f sides, an& hence, the rul^ 
for finding the area of <1 regular polygon may also be* 
applied to the circle. ^ 

Area* of circle =< area of pplygon, 

Ai = 2 perimeter x pt^rpendicular 
= h circumference X ‘radios * ’ 

= I (2frr) X r ^ 
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Again, since a diameter is twice the radius, r ^ 
-Area of circle = Trr- 

ir 

- TT , 

2 - 

d'- 

— * 

4 

or, as it is commonly expressed, — •7854^/^. 

"J'lie area of a circle may therefore be (^xjiressed by 
the fcrmula 

A = • 7 <S 54 */'. ‘ 


Dividing each side of the eqi^ation by *7854, we 
have ^ 


A 

•7^854 

hence d 


^• 7^54 


V 


A 

•7854’ 


• The equation may^also be expressetl in^terms of the 
radius. Thus, ^ 

Area A — 


• whence *— 

m 


A 

tt’ • 




9 . 


/TA . 

V3.I4I6* 

f 
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Example ^2. — Find the area of the lo-in. -diameter 
piston of a gas-engine. 

t 

Area A = 

4 

- - 7854 ^^ 

= *7854 10 X 10 sq. in. 

= 78-54 sq. in. 


Example jj . — The total pressure on the face of the 
piston of a steam-engine at a certain point of its 
stroke is 16,000 lb. If the piston is 20-in. diameter, 
find the pressure per square inch. 


Area of face of piston 
^ or A = 


Pressure per sq. in. == 
P = 


•7854 X 20 X 20 sq. in. 
314. 16 sq. in. 

Total pressure in pounds 
Area in square inches 
16000 _ 50-93 lb. pep 
314-16 « square inch. 


Example — The plunger of a pump used in size 
or starch mixing has a lifting area of J2.57«.jq. in. 
What is its (iiameter? 


T'l-- 

-'4 


A1 ' 

7854 

12-57 
>854 
\/ i6'-oq4 = 4 


Certain problerns may be ^Ived finding, the 
difference between the ar^as 6f two oircles. this 
connection special methods are employed which 6ften 
save time and trouble. 



CIRCLE 


49 


Notice first that 

1 6 = 4“, since 4x4= 16, ^ 

• and 9 ^ 3“, since 3x3 = 9. 

Now, (16 — 9) --- 7. 

(4- - 3-) = 7- 
Also, (4 + 3) (4 -• 3) = 7, 

.since 7x1 =7- 

• yXi^ain, 144 = 12-, since 12 x 12 = 144, 
and 81 = 9-, •si nee 9x9 = 81. 
144-81 = 63. 

I 2 ’ - = 63. 

Now, (12 4- c^) (12 - 9) = 63, 

21x3 = 63. 

^he above is true in every case, and •the process 
may be stated generally as under: — 

The difference of the squares of any two quantities 
is equal to the product of the sum and the difference 
of the two quantities. Let the two quantities be re- 
presented symbolically by the letters A and B; then 

• A‘^ - 4- B)(A - B). 

If .V and A are the quantities, then 

a-2 - y = (x 4- jO (a- - r) ; 

(a* 4-ji/),and (x — J') are said to he the Tadtors of the 
expression A- — y“. » • * * 

^ To prove th:jt the two fectors are as stAted, we 
/might rnultiply them together, ^nd the, result should 
be —y’.. The operation of multiplication appears 
below, and the description follows immediaj;efy : 

•a- 

•A- - 9/ 

4- 

— .-yy — y 
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Plact) the two expresbions .v -f V and a: - y as 
shovai. Multiply .v + v by a:, then multiply a -\-y 
by —Vy and add the two results. 'I'he mental pro- 
cess is somewhat as follows: a* times a; = a* x a: or 
a;“; put down a- under the a. a times y = x x y or 



Fig. i8 


xy\ put down xy under tile y. Now, multiply by 
— y; times A —^'—yx ^r ^rAy; put down —xy 
under the + Ay aheady found. ~y tfmesy = —y^; 
put down — y2 a little to the ri^Tit. (Nb{e; Vieii the 
signs are the same, both V or both the prbcjuct 
o is + or positive; and when the signs< are differentj 
one — and one -f , ths produ<.t is — or he^ative.) 
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Now add together all the similar teyns: there is only 
(jne x'; put down a-. Add +xy to —xy; there is 
one of each, so the result is o or zero; leave the pWce 
blank as indicated. Finally, there is only one^-, and 
it is negative, i*e. write down — jv*’. I he resul^ 

is thus A- — , 

U'he proof may also be shown graphically, as in 
hg. 18. AC KG is any square^, and AHKH is a 
smaller square. The ddTercmye bc^tweem the two is 
represented by a small shadc'd scpiare KDKi^', and 

two equal rectangles B(d)K and HKh'G. 

• 

Let -f — AC, the side of the large scjuare, 
and V — AB, the side of the smajl square. 

Vhen BC = a^ — j', 
and GH = a: — y. 

Suppose the upper rectangle flKFG be cut off and 
placed endways oifthe top of the shaded small square; 
it* would appear as indicated by the stippled rect- 
angle ELMF, so that 

Area of difference of squares = rec tangle BCLM. 
But side BC = (a — r), 
and side CL Vi' T r). 

(a- -y-) = (a 

This important deduction rftay be app*lied to finding 
the area of-a circular riifg of any description^ Thus, 

Let^/ = the inside diaipeter of a plane cir- 
• • * cular ring, 

and D = the oufside diameter of same plane 
circular ring. 
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Area of ring = area of outer circle — area of inner 
circle 

= • 7-'^34 1 )- - 
= .7854(0= -^ 7-0 
= .7854 (0 + rf)(rw<7). 

The two circles need not necessarily have the same 
centre, i.e. they need not be concentric. \ 

Example jf. — A vertical boiling -kier 6 ft. 6 in. 
diameter is provided \('ith a man-hole 3 ft. diameter. 
Find the weight of tin; top plate of the kier if it is 
made from metal weighing 18 lb. per square foat. 

c 

Area of plate — area of upper surface — area of 
^ man-hole ' 

- aj*ea of 6 ft. 6 in. -diameter circle 
— area of 3 ft. -diameter circle 

= ^ * 7<'^54 (J) + - ^0 

= -7854 (6 ft. 6 in. +3 ft.) (6 ft. 

6 in. - 3 ft.) 

= -7854 9.1 ft. X 3^ ft. 

= -7^54 X 33-25 sq. ft. 

= 26* 1 15 sq. ft. 

Weight of plate ~ 18 lb. per sq. ft. x :^6.ii5’'sq. ft. 

* 470 lb. 

« , 

Variatiox^ oi' Area Circle^t' — T he area of, 

a circle = *7854^/’. in this, *7^54 constant, there- ^ 
fore the area A varies ‘directly as the sqqare of the 
diameter; i.e. as iP, d thus varies as the ^ A. 

<■ ‘ t 

K the diameter is doubled, fhe arep is increased 
fourfold, The diai\ieter of a ci,’*cle, fo(; /^xamplq^ is 
3 in.; the area = *7854 x^32 7*07 i:q. ins.^ ,The 

area of u 6-in. -diameter circle is *7854 x 6*^ = 28^28* 
,^q. in. The area of the large ^circle j'V, as, stated, 
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4 tin*es tlie area of the small circle, although their 
diameters are but 2 to i. This fact can be deduced 
from the statement given above that the area a 
circle varies as the square of the ditimeter, just as the 
areas of squa^res vary as the squares of tluur sidt^. 
Consider, for (^xample, the diagrams in fig. 19; in 
each case there is a circle enclosed in a square, 
the side qf which is equal to the diameter of the 
circle. 

Upper diagram square 1 x i - 1 ( ircle i- x ' 7 ^ 54 * 

Mid^lle ,, ,, 2X2 — 2“ ,, 2' X *7^54. 

Lowir *, ,, 3 X „ ,Vx-7S54. 

Square _ i- ^ 2- . • T 

Circle ~~ x • 7^^54 * ^ ' 7 ^.^ 4 ' 3 “ ’ 7 ^ 54 * 

Multiplying each term by •7'^54» 
we get 

•7854 square , i - . 2- ^ 4’ 
circle^ * i- •2- ’ 4'* 

If, therefore, the diametiu's of the 
three«di agisms in lig. 19 are in the 
proporXion of 1:2: 4, the corr*- 

* spending areas wil 4 4 )e in the pro-* 

• portion of 1:^:9, or i - : : 3^. 

t 

Again,. ^ 

if area = i, the dijim(?ter 

“ v 3 )^ M • M • ~ 3 ’ 

' and^so on f^ all numbers. 
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-The approximate diameter of a jute 
as a fraction of an inch, is obtained 


, where c is the count in 


pounds per spindle of 14,400 yd. Find the diamet(‘r 
of a 1 6-lb. ya*rn, and compare it with the diameter 


of a 9-lb. yarn. 


1 6-lb. yarn: d — 
9-lb. yarn: d = 


s/ C 

_ v^i6 

4 ^ \ 

I 20 

120 

1 20 30 



^3 _ 2 

120 

1 20 

1 20 40 



Notice that the count of a yarn depends on its area, 
whichf for^omparative purposes, anc^ as already 
.demonstrated, may be taken as a Cin:le. The area of 
a circle varies as the* square of the diapieter, or, in 
5Pther wprds, th^ diameter varies as the square root 
'of the area. In the case of jiite yarn, since the area 
corresponds to the coury:, the diameters vary^ as the 
square -roots of the cour^ts. Thus, if i6-lb. yarn (jas* 
a diameter oS ^he diameter of 9-lb. yarn 

wilU be • • • 

I • x/g lb. • I 3 I . 

— X / = — X - = - in.* 

30^ s/i6\b. 30 4 40 




■vU 1 1 1 Lii:. iYl/A 111 l:.ui/-v a I is 

( . 

It should be particularly noticed that the ’above 
refers to jute; the diameters of cotton, woollen, spun 
silk^ worsted, and linen yarns vary inversely as the 
square root of the count. 

Exercises, with answers, on p. 114. 


CHAPTER X 

ARCS, CHORDS, SVXTORS, AND SEGMENTS 

Arcs. — A n arc of a circle is the name given to any 
part of its ('ircumference. Thus, in rig.^21, a Orcle is 

B 



illustrated with its centre at C. The heavy part in the 
circumference between A and B is an arC; similarly, 
DE is an arc, biW a smaller one than AB;, again, the 
two ren^ainiii^g parts of the circle in lighter lines are 
also arcs; hence, a cEcle may contain any rvwmber oi 
arcs according to the size of the latter. If CA and 
CB are joined, the angle AGB is formed aV the centre 
of.'-he com’plete circle, ‘and isnerpied the central angle. 
It is obvious that this angle ACB Is doubled, the 
length 'of the arc will also be ddubled, ‘ The Jengths 
of aresjof any particular Circle’ are thus proportional 
to the central angle. 



Supp*)se the rldius CA rotates round the point C 
n the direction shown by the arrow, i.e. counter- 
:lockwise. By the time it again reaches its prestyit 
position it will have passed through an angle of 
}6o^, or 4 right ang^les. The angular division known^ 
IS a degree may* be further divided into minutes and 
leconds in order to malvc more accurate measurements 
)osfible. Thus, 

6o" or 6o seconds = i minute. 

6o' ,, 6o minutes = i degree. 

360° ,, 360 degrees = i complete circle = 4 right 
• angles. 

If^the angle ACB, fig. 21, measures 72"^ then the 
irc AB will be of the cornplete^ ( ircumfeTence ; 
ind if the circumference is 5 in., the arc will be ..Vcr 
\ in. 1= 1 in. long. 

Let a — length of arc;* 

c ~ tcircumferen('t‘ ofcirch*; 

and D = th(j numb(^r of degrees. 

Then a *= r 

3()0 

Dc 

3 (x)’ 

It is most* conven’/iAt, as alread)^ i reheated, to 
ngasure circles 1:^ their diameters; since the cir- 
:umference = irdy the value may be •substituted 
dr c in the a^ove expressioji, giving 

* _ Ti d ¥)' 

~ 360 

•360 • 

= •oo 872 fl'D. 
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In the expression given there are Ihus* thret^ factory 
which may vary; these are cty d, and D; if any two 
are known, tlie third may readily be found by a suit- 
able transposition of the formula. riuis, • 


a 

d 

I) 


• oo<S 72 ^/ 1 ) 
a 

•00H72 1) ■ 
a 

^0087 2^/ ■ 



(0 

(2) 

• 

( 3 ) 


Example j(S . — The diameter of a circle is 42 in., 
find the length of tin* arc which subtends .an angle 
of (k) at th(‘ ('(‘litre. 

a — • oo 872(/1) 

« = *00872 X 42 X ()0 
- 21*9744 in. 


Example 79. — 't'he length of an arc of a circle 
42 in. diameter is 21*9744 'vhat angle does it 
subttMid at the centre? 

D = ^ 

•(X)872(/ 

^ 2i*()744 

•00872 X 42 
= 60 degrees. ^ 

Chords. — If any two points on the circumfere^^ce 
of a circle ‘are joinec;! by a straight line, this straight^ 
line is termed a chord. /ITius, AB in fig. 22 is a 
,^hord of the circle ..ADDE. The centre ofc the circle 
is at C, and the radius CD bisects the chord AB, the 
two ‘lines being perpendicular to eac^, other. ,.,AB is 
also^he chord of the ate ADB, as .veil as tl\e chorf^ 
of the arc AEB. 
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arcs; chords, sicctors, sfccmicnts 

Since the rac^ius CD is drawn at right angles to llie 
chord AB, the [)oint F is the centre of the ('hord, and 
the point D is tin? centre of the arc ADB. If CA*:ind 
C'B are joined, right-angled triangles Cl'A and ChB 
are formed. Thg distaina^ h'D, on the radius Cl), ^s 
called the height of the arc ADB. 

It has already been shown that in a right-angled 
triangle th^ square on the hypotenuse is equal to the 



E 

Fig. 22 


si^m of the squares on lln‘ otlnT two sid(*s. d'his fac't 
may be used ^to solv«> many questions Regarding 
c hords. I'hus, in tin? triangh‘ AhX', 

/- -- r' -f 

/being^the radius of tlie circle, c being httletln* (diord, 
•and a being the radiui minus the ln‘>ght of the an'. 
uNow, if /- »= c* -f 

f . V'r- -f 

Similarly, by transposhion, we have 

C‘, = /“ — or ox c — s/f '^ — 

' , and./si^ = /“ — C“ or a — \/ p - c'.’C 
'* » 

NSte that there are three variables involved, and if 
*any tj\vo are^^iven, the third may be found. 

(i>,o‘) ‘ * , 
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It is also possible to deduce the following' rule, 
which should be specially used to find the diameter 
onl)* when the chord and the heit^ht of the arc are 
given : 


T'he expressions for Ji in tc^rms of d and c, and fof c 
in t(‘rms of h and d are rather unwit^ldy and seldom 


D 



used. If, however, the stud(*nt desires practice, he 
can find tjie^n from the following data, #vhict\ illus- 
trates a method (^f finding d\ 

• * * 

h{d — //) •= ^ 

//*/ — C” 4- fd' 

d = • ^ ^ already stated. 

* 

Example — In a 20-in, circle, 23, ther^is a 
chord (Srawn 4 in. from the centre; find the len§^ of 
^^the chord. 
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• * 

The solution of this example appears in two ways: 


J - — (i- -j- c-y 

*= P — 

C ~ yj f " T- 
2C = chord 

• 

= 2 v// “ - (r 
= «2 v/io- — 4- 
= 2 x/lOO — lO 
= 2 

— 2 X 9* 165 

= ^^-33 j”- 


c~ = /i{d — //) • 

== (10 - 4) (2 X 10-6) 
= 6 X 14 
- 84, 
c = v/84. 

2 C — 2 \/S^ 

9 ~ 2X9 - 165 
= i 8‘33 in. 


¥ixam/>/e ^/.—Thii chord of an arc is 4T) ft^, and its 
length 13 ft. Find the diameH^r of Che circle. 


(I --- 


n 4- /d 


13 

_ .foo 4- I^X) 

= = 43-77 ft. 


Sectors*. — A sector of a circle is tliaupart which is 
founded by an*arc and 2 fadii drawn from^its ends 
• to the centre, as shown in Jig. 24, where ACB is 
a sector of^he circle AEB. 

The 4 nglt ACB is terqi^d tli|? sector angle, and^in » 
any circle the ^rea of a .sector is proportional to the 
sector angle^^ If the angle is 360°,* the sector*hecomes 


^9 TT 

a (^i^le, and its area* — or 7rr®. 

angles b^D degrees, then 


If th« sector 
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An‘a A or sector ~ d or — ^-TTr- 

3(x) 4 3^)0 

^ ^ D^/‘ o r • oo8 7 2 D r\ 
360 ' 

A = .oo2i8D^/-.‘ 



JUxamp/c ^j, — In a 20-in. -(liani(‘ier circle, find the 
ar(‘a of a sc'ctor tlic aic of whu li subltnids an angle of 
So at tlu‘ ct‘ntr(‘. 

Art*a A of sta'tor — •oo 2 iSI)^/- 

— ‘Oo^iS X So, X 20- 

— *00218 X So X 20 X 20 . 

A — (k)* 76 sq. in. 

It is not, always conv(*nient to measurf^ the*sector 
angle; wlnm this^is*th(‘ case, the arc may be measured, 
instead., 'Flv* h>rmula tlnm htMoihes: 

Are,a A of j^ctor ~ ‘ x radius. 

• 2 

E.\am*pl(i — Find the rjr^a of a s(‘ctor*of a* 20-in. - 

di^neter circle, the a*rc of \vhich*is 40 in. in length. 

A^ea A of srA tor = \ arc«x radius, 

^.40 >.,0. ' 
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Tins rule is ^ased on the law fur the ar(‘a of a circle. 
If a sector angle be made near enough to 1,60% the 
sector approaches more and more closely to a ^:om- 
plete circle. When the sector angle reaches 3^0 , the 
figure is a circle* Now, 

Area A of circle ^ 

= 7rr X r 

= h circumference x radius. 

In the case of a sector ^ess than a (ircle, the 
circumference in the 
above is replaced by 

the value of the arc. 

• 

Are.i A of sector - 

'• h arc X radius. 

A 

SE(i M ENTS. — A seg- 
ment of a circle is that 
part bounded byachord 
and its arc. 

Thus, in fig^. 25, 

A 13 DE 1 is a circle witl^ 
centre C. ADD is an 
arc with AD the cor- 
responding chord. The 

shaded pc^tion is a segment of the ci^^:!;^ while the 

• unshaded, portion is ^another seg^^nt. 

If the radius CFB cuts^ AD at ri^^^t aijgles, the 
*^:)oint H is the centre of the chprd AD, and the point 
B is the centre of the arc ADD. 

Note tff.at ABDCA is a sector of the (ircle, and 
that AFDC is an .isoS<?eles •triangle of which* the 
two sides CA» and CD are radii the circle, and the 
thrtd^ide ffthe chord AD of the arc ABD.* * 

irfrea A of segment ABD = area of sector ^BDC 

* — area of triangle ACD. 
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The area of the sector is found by the rules just 
discussed, vi/. half the product of the arc and the 
radgis, or *002181)^/'^. The area of the triangle may 
be found by any of the methods indicated in Chapter 
VJ, or by any of the trigonometric.^ methods which 
are explained in a later chapter. 

Example yy. — Find the area of the segment, the 
chord of which is 20 ins. long, the heighj 5 in., and 
the arc 26 in. long. 

Referring to Fhxample 41, we see that 

d = - (where c ~ \ chord) 


I O' 4 5' 

5 

lop 4 25 _ t25 

5 5 


25 in. diameter. 


If - 25 in.,^r = 111 in. 

Area A of sector = \ arc x Radius 
~ A X 26 X 12! 

= i6j- 5 im 

Area of triangle = h base x altitude 

= h chord X (radius — height) 
= i X 20 X ( 12 I y 5 )* 

* • , = 10 X = 75 sq. iii. 

Area of^se^^ent = area sector — area of* 
• triangle « 

= 162-5 - 75 
= 87-5 sq. in. 

• • ^ 

• ^xerciseS^, with ans,\wrs, 6tr p. ^ 116 . 
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CHAPTER XI 

(iEAR WHEELS 

(/KAR — It may lx* an advanta^m at tUis 

btage to refer briell}; to the relations betwecm the eir- 
ciynferences and diameters of toothed wlieels, so 
e.Vtensivelytused in textile machinery, h'i^. 26 is a 
drawing of a small spur pini()n containing 18 teeth. 



• » 

'inese teedi are situ * ted at regular intervals on a 
jcircle known as^the “ pitch .circle ”, an^*indk,ated by 
, tfie outer circle which passes through every tooth. 
The distance between any pfbint on the pitch circle 
of one -toofh and the corfcssponding point on ’a neigh- 
bouring tooth is caUed'the ^ pitch £ach pkch* 
is obviously a certain definite mv^asuremen^, and all 
wheel* whicTi|are to gear together, or to form th 
same unbroken straight frain, must have tke sam 
*pitclv I« rnachine wheel the pitch is determine 
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by two ronsiderations: (a) the space available, and 
(d) the sLren^’-th of tooth required. It is not proposed 
to ck‘al with the strength (juestion in this work, but 
nuTely to discuss the relations between pitch and 
djarneter. • 

The diametiT of the j)itch circje is called the pitch 
diameter, and tlie pitch itself may be measured Jn 
at least thrca* different ways. , 

I. Tlu‘ numb(T of ^te(‘th in the rim may b(‘ar a 
certain relation to the pit('h diameter of the wheel. 
Thus, ill certain tr<iins of g(‘ar, each wheel has 
6 teeth in tlu* rim for each inch in the pitch diameter, 
i.e. 6 teeth in 3*1416 of the pitch circle. For 
example: ^ 

^ ^ -- 6 teeth per inch of pitch diam. 

3 in. pitch diameUM' ^ ^ 


The number 6 ('xpnssses the ratio between the number 
of teeth in the wluad and the pitch ^liameterin inches. 
This ratio is briellv termed No. 6, and such a wheel 
is described as a spur pinion 18 teeth, No. 6 pitch. 
This kind of pitch is termed Diamcinil Pitch. In 
general : 


Let 1 ) ~ diametiM- of wheel in terim. of 7 >itch, 
Pi — di*.metral pit('h, 
and N t-- number of teeth in the wheel. 

Tlu' II N* = D x^/>,, ,* 



and/., 


!)• 


2. Another common method of expre^^sing thl* pitch 
is to stafCe the actual distance in inches, or in a fracfton^ 
of an inch, between corresponding pAnts oi\ two 

itt « * • 
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adjacent teeth, m^easured along the pitch circle. For 
example, in the i8-tooth pinion illustrated in lig. 26, 
suppose the pitch circle is 18 in. in circumference, |he 
distance between each pair of teeth, or the pitch of 
the teeth, will jpe in. This kind of pitch is called 
Circular Pitch (see tjie arc AB in lig. 26). 

41 general: 


Let r> 

A 

and N 
l^en N 


% 


D 


and 


the diameter of the pitch circle, 

tlie circular pitch, 

the number of teeth in the wheel. 

ttI) 

A ’ 

N X A 

TT 

ttI) 

N * 


3. When making complete patterns of gear wheels, 
it is not always ea^y to mark out the pitch along the 
pi^ch circle,' and successive trials, with the necessary 
adjustments, are made #1111111 the correct division is 
obtained. Note that if any instrument of the divider 
type is used, the measurement marked off will be the 
straigl'^lin^ between the centres of two adjoining teeth. 
This straight-line measurement is really « chord of 
*the pitch circle, sucli as chord Cl 5 i^i lig. 26. This 
Ji^nd of pitch is, termed tlu^ Chordal l^kh. • 

► The cliordal pitch is not commonly used to express 
the relatioj^ between the pitcft and the diameter; the 
calculation involved is raftljer cumbersome, and further 
discussion would be* out of pTace in an elementary* 
stuc^y of m^hematic,al principles,* . 

E^^nple ./ji. — T\vo gear wheels (fig. 27J which 
.mAh directly with one another contain 5o#and 25 
teetb respectively. The 25-tooth wheel is keyed to a 
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loom crank-shalt, the 5u-toot}i wheel is keyed to 
the bottom or low bhalt (called wvper-shaft or cam- 
shaft). If the; pitch is No. 5, lind the exact distance 
between the ('entres of the two shafts. 

Distance D 

— \ diam. of wheel A -f- A diam. of wheel B 

— \ (diam. of wheel A + diam. of*. he?l B) 

— y (^5 teeth 5 pitch -f 50 teeth 5 pitch) 

= I (7^=i t'oth 5 pitch) ' . 



= 7.', in. between the centres. 

V * 

" Example 46 . — A 7*2^ooth whetd on a factory main- 
shaft is (p liave th\‘ teeth set at, 2-in. -circular pitch. 
Find the pitch diameter, and calculate t^te mear^speed 
of Uie wdieel rim in feet per minute if the shaft ma^es 
200 revolutions per minute. 
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D ’= 

7 r 

_ 72 X 2 

3-«4 

— 45,*<% in. or 3-82 ft. pitch cliamettT. 
Mean speed = mean ( ireumftTt'iua^ tn f<’(‘t x r.p.m. 

72 X 2 

= X 200 

1 2 

i 2 X 200 - 24CK3 ft. per minute. 
Kxercises, with answers, on p. 1 18. 
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RKCrANtiri.AR S()IJi*)S, 

RKLATIVH DHNSIIA', AND SRiadJ'lC (iRAVITY 

Rectangular vSolid. — A retitan^mlar solid is a 
body bounded by %i\ rectangular faces, each pair of 
opposite faces being parallel and ecjual in area. Two 
examples of recVinguIar^olids appear in lig. 28; the 


. E 



Fig. 38 
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small one on the left is a special form, known as a** 
cube, each of its six faces being a square. 

The rectangular solid on the right has six rectan- 
gular faces, each pair of opposite faces, A BCD and 
KFGH, ABGFand DCHE, ADEFand BCHG, being 



equal and parallel 
rectangles. The 
length, breadth, and 
height of this par- 
ticular solid are 
all different; when 
these threK factors 
are 'alike in meas- 
urement, the rec- 
tangular solkf be- 
comes a cube, as 
already defined. 

The amount of 
space occupied by 
a solid is called the 
volume, and vol- 
umes are measured 
in cubic inches, 
cubic feet-^or other 
suitabfe cubic unit. 
In the ‘above speci- 
fied cases there are 


= 12. X 12 X* 12 


1728 cu. in. in i cu. ft. 


3'* = 3 X 3 X 3 = 27 cu. ft. in 1 cu.^yd. 

t. % 


wLet ABCD, the upper diagram in fig. 29, Itie a rec- 
tangular solid, \he measurements *of which are: 
length AB = 6 units, breadth BC ^==*4 uivt^, and 
heigh ti., CD = 3 units. ‘The* solid may be-cfiiiided^ 
into three slices, as indicated, one of'the ‘slices, dr 
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rather a similar ofie, a[)pearin^ in the lower diagram. 
I{a('h of the slices may be divided into four loii^4' 
strips, each strip containing 6 units of i unit side. 
Suppose the unit to be i in., then each little cube is 
I cu. in. In eiU'l\ slice there will b(? four strips of 
6 cu. in. = 24 cu. in., and in the three slices oF 
the complete solid there will be 3 x 24 -- 72 cu. in. 
I'he volume^of the solid in tlie upper diagram in 
hg. 29 is therefore 

6 X 4 X 3 72 ('ll. in. 

In g^ieral terms, th(‘ volum(‘ \' of <iny ri'ctangular 
solid is equal the prodiu't of its length, br(*adth, and 
height ; that is to say, 

- V - / X /; X //, 

or \' - Ibh. 


From this general formula, which contains four 
variables, any unknown value of a ti^rm may be 
found wlien tie* n-maining tlin^e are known. 


\’ ~ 

; . 

b - 
ifnd Ji ~ 


Ibh 

bh 

\ 

ill 

\ 




Note that bh, Ih, and lb 
an* the an.*as of the various 
faces. 


I Example — A bale of Indian cotton is 48 in. 
long, 20 im wide, and 18 in, •thick; find its volume 
in cu bier feet. 

I ^bxh • • 

— (4^ 20 X 18) t*u. in. 

I 48 X 20 X 18 f. 

» = — . cu. ft. 

1728 

^ 10 cu. ft. 
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hl.xamplc yA. — Mow many bales ot the above cotton 
('oulcl be ston‘cl in a warehouse 120 ft. long, 80 ft. 
wj^ie, and 40 ft. available lunght. (No reduction for 
cartways, Xrc.) 


Volume V ~ I X b X h * ^ 

( I 20 X 80 ♦X 40) CLl. ft. 

= 4(84,000 cu. ft. 

total volume of warehouse 
volume of i bale 
4(84,000 cu. ft. 

10 cu. ft. 


No. of bal(‘S 


-= 48,400 bales. 


Rklativi-: Dicnsitv. — It is often required to know 
how the weight ol a gix en \olumeof om* mat(‘rial^'om- 
par(*s with the W(‘ight ol an equal volume of some 
other material. Tin* wtught of a substance measured 
in this way, i.e. w(Mght per unit volume, is known as 
tlu‘ density of the sid)stanc(‘. 

Example yq. — h'ind the relativ(‘^density of a bale of 
Indian cotton, to cu. ft. in volume, and weighing 
4q{) lb., and a Ib-a/ilian bale •neasuring 49 in. x 20 in. 
X 1(8 in., and wcui^hmg 220 lb. 


* = 49.61b. per cu.. ft. 


Density of Indian bah.‘ 

, _ lb. 

cu. ft. 

Dens'ty Brazilian hyale 

* 220 lb. 

(49 X lo X 18) cu. in. 

_ 2 20 lb.* 

49 X** 20 X 18 ‘ 

*'1728 

_ 220 lb. s 

10*2 1 ClITft. 

= 21 *55 lb. per cubic foot.*! 
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Relative DeiiMty 

_ Indian 39*6 _ 1*84 

Brazilian 21*55 * * 

In other word.% baled Indian cotton is, bulk for 
bulk, 1*84 times heavier than baled Brazilian cotton. 
If Brazilian cotton is takmi as the standard of com- 
|wison, thrj^i 

Relative Density 

Brazilian _ 21*55 _ ^ . 

Indian 3<>*o 1*84’ 

that IS i^Ksay, leak'd Brazilian ('otton is only *547 times 
as l^^av) as baled Indi.in cotton. 

vSi^<:('iKi(: Gkax'hv. — In Ixxample 40, bakai Indian 
and baled Bra/ilcin cotton wane in turn used as 
standards of comparison, and the relative densities of 
each with respect to the other Avere found. It is, 
however, much rnyre convamient to hava* om* invari- 
aljle standard of comparison, and (his standard of 
q^m pari son is pure wa^er. d'he dimsity of water is 
regarded as unity, i.e. its numeriial value is taken to 
be I, and all other densities thus Ixaoim*: 

{a) tT 5 ?r^)ns of 1 if the substan('es are lii/hter than 
w^atef, bulk for bulk, or, > 

(b) multiples of i tf the substances ara heaviiT than 
*• water, biitk for bulk. 

♦> 

When w^ter is used as the standard of comparison, 
the rafio is given a Special nanu*, viz. ' Specific 
Gravity \ that is to*»say, the ^lumber given to the' 
material expresses the ratio of the' weight of a given 
volupife of they substance to the weight of an equal 
^voflime ,of water, when the weight of the latter is 
I. (Water is used as the standard 


repres^ted | Ipf; 
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for all solids and liquids, while iiydrogen is the^ 
standard for all gases.) 

|f it is known, for example, that the speH'ific gravity 
o( aluminium is 2-58, then it is understood that 
I cu. ft. of aluminium weighs 2*58 times as much as 
I cu. ft. of water. 

< 

The following particulars concerning the we^ht 
and volume of water should be committejj to memory, 
as they are very important: 

I cu. ft. of water = 10000/. - () 2 \ lb. 

I gall, of water — 277^ cu. in. ^ 10 lb. 

I cu. ft. of wal(‘r — 6[ gall. 


'Fhe al)ov(‘ values arc* only approximat(‘ ones, but 
they aro suftlciiMUly accurati* for all practical purposes. 
(If very a('curat(^ results arc‘ recjuired, then i ('u. ft. of 
wat(*r may be taken at qqb'gO oz.; i gall, at 277*46 
( u. in.; and i cu. ft^ at 6* 228 gall.) 

Example 50. — The guide-bars of a packing-press 
measure ii ft. 4 in. long by 6 in. wide and in. 
thi('k. hind their weight >f the specific gravity of 
steel is 7*8. 

\ ~ I y. h X Ji 

- II ft. 3 in. X 6 in. x i] »■“— 

' 1 2 S X 6 X I • 2 s r, 

= cu. ft. 

1 7 28 

n • 

' = 0*586 cu. ft. 


1 cik ft. of water 
• 586 cu. ft. 


1000 oz. 

• ')86 X 1000 ,, 
lb. 

ib oz. per Ib. 
36*6 !b. 


Specific gravity of steel is 7*8, therefore 
Weight of bar = ^*8 x 36*6 lb. 

= 285*48 lb. 



RJ^CTANGULAR SOLIDS 


75 

Area op Si^rpaces. — If a rectangular solid has 
length /, breadth and height //, the whole outer sur- 
face of the solid will be 

2{l X //) -f 2(/ X b) 2{h X b) 

= 2(lh^kb -f hb) sq. units. 

If a cube has a side the area of the outer surface 
wifl be 

X f) + 2(.f X f) + 2(s X f) 

= 6{s X s) -- 6s‘^ sq, units. 

Exstmple 5/. — An acid -tank in a bleachfield 
measures 10 ff. long by 6 ft. wide by 4 ft. deep. Find 
the cost of lining it with sheet lead at is, per square 
foot:^ 

Area of tank 

= (/ X -I- 2(/ X A) -h 2{h X b) 

A\B.— There arc 4 sides j^nd bottom (no top). 

^ /b + 2{//i + bb) 

= (10 X 6) + 2{(io X 4) + (4 X 6)f 
= 60 +^2(40 f J4) 

= 60 4- *80 4- 48 
= 188 sq. ft. 

Cost,^^^88 sq. ft. X i.f. per square foot 
= i88j. or jC9i Sj. 

The thickness of tlte wood has been igi^pred^ 

Fxercises, witS answers, on p.^iiq. 
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CHAPTER XIII 

PRISMS AND CYLINDERS 

•Prisms. — A prism is a solid boundiid by plane faces, 
of which two, called ends, are pa’*allel, equal in area, 
and exactly similar, while the other faces are parallejo- 
grams. Fig. 30 shows two forms of prij^ ; in each 
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the ends are equal in area, parallel to eaclj r^her, and 
of the sante ^ize aqd shape. The figure marked A is 
called an oblique prism, bec&qse the sides are not 
perpendicular to the loY^er end or ^ base; the other 
figure, marked B, is termed a right pris*m, b^cause‘"its, 
lateral edges are at rigHt angles to the base. 

The examples shown are J^exagonal prisms, -because 
th^ two ends are hekagons ;^thet base of a prism may, 
howevep, have any shape, provided that the area of 
the end be bounded by straight lines. ^ ^ 

Area of Surface of* Prism. — The arear o'Fthe'^ 
i« surface of the prism is the area of the tw‘p ends ^dded 
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to the area of* the lateral sides. In the majority of 
cases which occur in practice, the sides are rectangles, 
so that the finding of the area should present# little 
difficulty. 

There is, ^owever, a short method of findingjLhe 
area of the lateral ^ides. It will be evident that if a 
pjece of paper be cut to the si/e necessary to cover 
exactly th^ lateral sides of a right prism, and the 
paper then removed and lai^ (lat, that it will form 
a rectangle in which the length ecjuals the perimeter 
of the prism, and the breadth equals the height of the 

prisffi. Then, 

• 

Aiea of surface of prism — area of 2 ends *f 
(peri meter of base x height of pilsmj. 
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Example ^2.— iK plain rectangular warehouse efbor* 
10 ft. high 12 wide by 3 irv.* thick, is^o be firc- 
prdbjed by ijoverin^ it with sheets of tinned steel. 
Filled tlje area of the sheet required, neglecting waste, 
Thq dimensions are shown in fig. 31. 
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Area of surface ^ 

= Area of 2 ends + (perimeter x height) 

= 2 ft. X 3 in.) 4-1(12 ft. 4 3 in. 4 12 ft. 4 3 in.) X 10 ft.} 

= (2 X 12 X i ) 4 (24J X 10) 

=J6 4 245) sq. ft. 

=* 251 sq. ft. 

Volume of a Prism. — The rectangular solid illus- 
trated in fig. 29, p. 70, is evidently only, a special 
form of prism. It vvas^ shown that its volume was 
obtained from the formula 

V = / X b X /i; 
but (I X b) = area of base. 

.*. V = area of base x height. 

The same reason ifig applies to any prism. The 
volume of a prism is, therefore, 

V = area of base x height. 

Example — Find the weight of^a hexagonal bar 

of iron 12 ft. long by 
i in. side, it beings 
given that i cu. ft. of 
iron weighs 484 Ib. 

Note. — i^^egular 
hexagon is made up of 
6* equilateral* triangles 
(see fig.^32). The area 
of an equilate^al tri- 
angle may be found in 
«the usual way *if its 
'^alti£ud/i be known, but 
if there is difficulty finding the ^Ititud^j^use may be 
made of ‘a special rule, based on the trigonomotrrcal 
ratios of vts angles (discussecf in Chapter VII, P^artH); 
|n this case, if the length of side be / units,^ 
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Ar(?a of equilateral triangle ^ 

Area of hexagon = 6 x ^ ^ 

4 

6 X /■’ X 

4 


4 
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!,o that in ^he cxainph* under discussion we havt? 

Volume V -- /- x L (wliere L 12 ft.) 

= 2-598 X 2" X 12 ft. 

— {2-598 X 4 X 144) cu. in. 

. 2-59«X4X..44,„, f,. 

1728 

= 0-86(5 cu. ft. 

Weightof bar = * 8(36 x 484 lb. 

= 419- 144 lb. 


Cylindkr. — A cylinder may be roughly described 
as a special forn? of prism with circu- 
J^r ends. A right circular cylinder is 
more correctly delinW as the solid 
described by one complete revolution 
of a rectangle, one side of which acts 
as tl?e^ulcrum. Thus, in fig. 33, 

ABCD is a rectangle of whic^i the* 
side AB is the lipe about which ^h^ 
rectangle may* be assumed to revolve* 
in order to sweep out in Ipace ar 
volume qf the shape known as a right 
cylinder. * It is one of^ie ccynmonest 
shapes adop^Jed* in •textile rfacfii|iery, 
an^ inde^ in all* mechanical "work, 
and^ts malhematipal properties are 
tifereftyre of extreme importance. 

'Ph^coi^pJ^te surface of the cylinder consist of the 
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curved surface swept out by the side dO, fig 33, and 
of the two circular surfaces or ends swept out by the 
sides rf 3 C and AD. 

The dimensions of a cylinder are generally expressed 
by stating the diameter and the length pr height, and 
practical mathematical laws should, therefore be stated 
in terms of these dimensions. 

Surface oi' a Cylinder. — The area of^the curved 
surface of a cylinder is t^iat traced out by a line, equal 
to the height or length, moving through a distance 
equal to the circumference of the end, so that 

Area of curved surface -= circumference, of base 

X height or length 
= ird X /, 

or surface S = W/. 

The whole surface area will be equal to the above 
added to the two circular ends, or, stated symboli- 
cally, 

A = 7r(// 2 X ^ X 

. W(, H- i) 

— izdil -f r)y where r — radius. 

* V 

The volume of Uhe'cylinder wdl be 

V = area df base or section x lengtja or height 

= x 7 

4 

# 

= or •7854</t', 

4 

- . \ 

If preferable, the equation may be stated in t^rtns 

of the racy us. Thus, • 

V = 
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Example colour-drum of a calico-printing; 

machine is 6 ft. diameter, and runs at 5 r.p.rn., print- 
ing cloth 60 in. wide. Find tlie number of s(juare 
yards of cloth capable of being printed in one hour. 

Curved surfac'd of 

drum,^or S — irdl 

— 3* 1416 X 6 ft. X 60 in. 

=- (3* 1416 X 6 X 5) sq. ft. 

^ qa*24H s(j. ft. in 1 rev. 

Area printed in 1 min. - (94* x 5 tevs.) stj. ft. 

,, ,, ,, 1 hour - (04-248 x 5 x 60) sq. ft. 

^ 94^248 X .s. x . to yj 

= 4i4f6,s(]. y^. 

Example 55.— The starch or sc^wbox n)ller of a 
cylinder dressing-, slashing-, or si/ing-machine is 
18 in. diameter and 66 in. long; lind the area in 
square feet of the copper sheet* required to cover it 
completely. 

Whole area A = ^d{l + r) 

= 13-1416 x 18(66 -f Y)[ sq. in. 

= 3-1416 X 18(66 + 9) sq. in. 

^ 31 L 416 X ft. 

'44 , . 

= 29-45 scf. ft. , 

. Example jd.— A roller weight used^iii a 'drawing- 
frame IS 3A in. diameter and* 8 in. Jong; find its 
weight if^i cu. in. of cast ifon weigh *263 lb. 

V = '^dH 

^ 

(-7854 X 3i X 3.J 8) cu. iiii ^ 

^ 76-97 cu. in. 

Weight = 76*97 cu. m. x *263 lb. per ciibic inch. 

20-24 lb., say 2oi lb. 
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Hollow Cylinders. — In practice, is customary, 
whenever feasible, to use hollow cylindrical objects in 
preference to solid cylinders. In such a case, the 
volume of the hollow cylinder only is required, and 
siytable rules for this calculation can bp deduced from 
the general statement given abovp. 

Example jy. — Fig. 34 illustrates an extensiv^y- 
used hollow cylinder, that of a delivery pressing-roller 



suitable for a flax or jute draiving-frame. The roller 
consists of three hollow cylinders joined togetheff^ 
two end-pieces and one centre-piece. 

Volume of centre- 1 volume of solid a;4iv)der — 

piece* • ^/r volume of hole 

• * 

= -DV - ^dH 

# 4 r 

= - /(D2 - (/n 
4 

« ^ • 

” ^ X 9i(<^ + 3iK&*- 3ii, 

“ -78*54 X 9 J.X X 2i‘' 

« 177*21 cu. in. , . • 

• « * 1 





PRISMS AND CYLINDERS 


Vofumc 6 t 2 «tnd- 




= 2{-7«54 X + 

= 2 X- 7854 Xilx( 6 +iJ)( 6 -ij) 
. = 2 X -7854 X ij X 7} X 4j ^ 

= 64*67 cu. in. 

Voluine of whole ,77.214-64.67 
. roller I 

• -- 241 *88 cii. in. 

f 

If the roller is made of cast iron weighing *263 lb. 
per cubic inch*, then 

Weight of roller = 241*88011. in. x •263 lb. per cu. in. 
= 63*61 lb. 


Example j 8 . — Find the volume Occupied *by rove 
yarn as represented by the shaded portion in fig. 35, 



Pic- 35 


8i TEXTILE MATHEMATrcS, 

( • 

and compare tlie volume thus fourtd with that oc- 
cupied by the block outline of the full bobbin. 


Block volume V — ^D-L 
4 

- • 7«54 X 5 ‘x -5 X i2i 
= 240*53 ru. in. 

Volume V, (j 1 yarn ^ ~~ ^0 

.7H54 X 10(5 -f li) (5 - i^) 

- •7<S54 X 10 X 65 X 32 
1 75 *61 cu. Tn. 

Volume* of rove* V, „ .7V6. 


Block ve;l. of bobbin 


240-53 


Oy I* • « u X 100 0/ 

/ vol. occupioB by rove = - = 73 4- 

Exercises, with answers, p. 120. 


CHAPTCk XIV« 

PYRAMID, CONP, AND SPHERE 

The pyrapoiid, co,ne, and sphere are thj-ee geo- 
metrical solids •each of whioh^ has but a limited 
applicafion io* textile wori^. The proofs of the mathe- 
matical principles upon which their areas ancf volumes* 
depend are comparatively difficult, and it is not pro- 
posed to discuss them at this stage. The pai^graphs 
* immediately folIowm§;» do *hot,* therefore, include a 
full exposition of* the principle^ invo*l>jed, but may 
rather *be regarded as a summary of fhe r^^ired 
definitiqns and rules, with^ few* wQrked-out exanfples 
to illustrate their application. 
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• 

The PvRAMiif. — I'he name pyramid is applied to 
any solid which is bounded by plane surfaces, one of 
which, termed the base, may be any rectiliiiear hgijre, 
while the others are all triangles. J'he triangular 
faces have a comiiion vertex, which must of necessity 
lie outside the plane of the base. I'he point may be 
neaj the base, or a distance removed from it, and 
hg# 36 illustrates one form 
of pyramid in which the 
distance of the point from 
the base is greater than 
the width of the base 
ABCDhT'. 'fhe triangu- 
lar sides are represented by 

ABVl BCV BAY, 

all of which taper to the 
point V, the common ver- 
tex. 

The pyramid illustrated 
is^fully described as a right ^ 
hexagonal prism. It libs 
already been indicated why 
it may be termed a prism. 

It is a Jif*xagonal prism 
because ,its base has 6 . ^ 

sides, and is therefore u hexagon ; it ^ a right prism 
li^cause the line^VP, a perpendicular dropped from 
•the vertex V to the base, meets l 4 ie baso at its centre 
P. Point P is the centre of tfie inscribed circle indi- 
cated ; if is also the centrt; of the circumscr^beci circle 
which is not showa, but which ^vot^ld pass outside ftie 
heptagon andjitouch all points A, B* C, D, If 

the ba^ hacf happened to be a rectangle, the point P 
liave coincided with fhe crossing or inteisection 
of the^diagonals. 

/• 
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• • 

The distance VP is called the fteight of the pyra- 
mid, while the distance VR is termed, for the sake of 
dijtinction, the slant height. The combined area of 
the triangular faces is the sum of the slant surfaces. 
The total surface area of the pycanjid is, of course, 
Sie area of the slant surfaces -f ^he area of the base. 

Volume of Pyramid. — It may be proved th^ the 
volume of a pyramid is one-third of jhe volume of 
a prism which has the same base and the same per- 
pendicular height. 

4 

If V = the volume, 
h ^ the height, 

and A - the area of the base, then 
V - aa ‘C 

‘ 3 ’ 

With this formula as a starting-point, it will be 
a useful exercise fof the student to deduce an expres- 
sion for A in terms of V and //, aVid then one for h in 
terms of V and A. ^ • * 

Slant Surface of Pyramid.— Since all the JtaTIt 
surfaces of the pyramid are triangles, the area of 
each of which is A base x altitude, it is evid ent that 

Surface ^ 

* where S = the*area of the ^lant surfaces^ 

* p =*the perimeter of the base^ 
and ji = the slant height, 

% 

^he above form tila* applies enly to pyramids with 
regular«bases, as \his type is thaonly ?ofpi of py/amid 
in which the slant heights of the vagious 
faces are uniform. * < • • 

Whole Surface of Pyramid. ^As oreviouslv 
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Indicated, the*wh»le surface area of the pyramid is 
represented by 

Area of slant surfaces 4* area of base. 

The method of finding the area of the slant sur- 
faces has just be^n discussed ; the area of the base iS 
obtained by applying*the rules relating to rectilineal 
figu^^s given in previous chapters. 


% 



^Example — Fig. 37* represents ^a^t of one bay of 
a weaving-shed, the inside dignensions beijg as indt- 
^tecf. Ffnd the maximum number of persons which 
may be employed in a shed Consisting of 6 similar 
bays, given* .that the Fac^ry Acts require 250 cu. ft. 
of space per person* • * • • 

An examiryfion of the figure Shows th^t each 
bay desists* of a rectangular prism ABCDEFGH, 
^ ft? long, 33* ft. bro^id, and 14 ft. high; a triangu- 
lar prism DNMALK, 33 ft. wide, 8 ft. high, and 

^ ^ ^ . M. 
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300 -* (2 X 15) = 270 ft. long; and two halves (one** 
at each end) of a rectangular pyramid KMNCB, each 
wijh a base 33 ft. by 15 ft., and a height of 8 ft. 

Cubical contents of one bay 

* - Rect. prism + triang. prism ^ lect. pyramid 
3 

/ \ , Ihli 

= (.^oo X 33 X 14) + ^ / + , 

» - .■) 

/ \ ^ , /32X(2X i5)x8\ 

= (300x3,'! X 14)4- y^'’x27oj+(j" 3 / 

= 138,600 -f 35640 + 2640 

= 176,880 ru. ft. 

Cubica^l contents of 6 bays 

= 176,880 x 6 - 1,061,280 cu. ft. 

Maximum number of employees 
1,061,280 

= y — 4245 persons. , 


Noth. — The number of workers actually empl»yt?d 
in a factory of such dimensions would be considerably 
less than the above, since the floor space for each 
operative would be less than 14 sq. ft.; acfTOIly, 


33 r: 300 X 6 

• ' “4245 



1 


The calculation shows, however, the generous pro- 


portions of modern mills avd factories colnpwired with 
thre requirements of tUe Fadtory^ A^ts. 

CoN^ — Just aS the circle may b^ regarded as a 
special form of polygon, so also may the ^jfne be 
regard^^d as a special forrR of pyramid. If th6 IWiglff 
of the sides of the hexagonal base of the pyramid fh 
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fig. 36, p, 85, decreased, and the number of sides 
increased, it will be seen that the base will approach 
more and more closely in shape to a circle. WJien 
the length of each side is reduced to a point, that is, 
infinitely small^ pnd the number of such sides l^e~ 
comes infinitely large, the base actually becomes a 
circje, and the pyramid itself is changed to a cone. 


A 



A right circular cone may be^defined «a.^ the solid 
^vept out by the revolution of a riglit^ngled triangle, 
one of the sides containing Jie right aiTgJe acting as 
.atuTcrunt. Fig.*38 represents si*ch a cope, swept out 
by a complete revolution of tlte right-angled triangle 

ACB, A^B being a rigft ang^e.^ AC is ihe axis or 
height of the^on%;*AB is the sl^nt height; wliile 

BAI^^the ^ngle at the apex, is termed the C'ertical 
* Thf whole surface area of the cone consists of the 
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circular base due to the rotation of thr side CB of the 
triangle, and the curved surface resulting from the 
rotation of the hypotenuse BA of the triangle. It 
will be understood that the cone bears the same 
relation to the cylinder as the pyramid does to the 
prism. The expressions for finding the volume of the 
cone, and for obtaining the surface areas, will conse- 
quently correspond. 

Volume of Cone. — If V is the volume, A the area 
of the base, and h the height, it may be proved that 

V = A/' 

3 

In the case of a cone, the base is always a circle of 
diameter D! The above formula may, therefore, be 

more completely expressed by substituting for 

4 

A, when we have 

-D^h 
V = 4 _ 

= ^ .26i8D'A. 

3 

Curved iSuRFACE of Cone. — Note that in the 
case of a regular pjframid, the area of the slant surface 

S, as shown on p. 86, is^— , / being the perimeter 

the base, and s the slafit height. In the case of the 
cone, the perimeter of the base is evidently Ihecirqum- 
fertfnee of a circle of d?£.metel D., 

, S = = 3 :' 4 » 6 P^ .= 1.5768DX, 

or, in terms of radius « 3* I4i6rs * irrx. 
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• 

If il is easier <0 measure the vertical height than the 
slant height, use may be made of the properties of the 
right-angled triangle to deduce a formula expre^ing 
S in terms of the base D and the vertical height h. 
Thus, 

S*- i.57o8Di- 

= 1 * 57080 .^ 4 '+ 

= 1-5708 X 2r X Jhi -}. ^ 

= 3- 1416 X r ^ fi ^ 4. r- 
• == 

Whole Surface of Cone. — The whole surface of 
the cone is evidently as under: 

Wkole surface area = area of bas^ -f* area of curved 
surface 

== ^D'2 + i-57o8Di* 

4 • 

= TT/'' -f- irrs 

= 7r/'(/' -f A) 

- 7rr(r -f H) 

Example 60 , — Find the minimum length of canvas, 
W4 in. wide, required for the making of a bell tent of 
the dimensions shown in fig. 39^ ^ 

Area of tent = cu«ved surface of cyli^^der ^BCD 
• 4* curvecf surface of c(?he EDC. 

A = irdl 4" TTt'y / * 

= 27rr/ 4- -f r- 

= ^r(2l i 

• = 3M416 X 5(2 >^+ V'9* +. 5 *) 

= 15*708(2 + ^/106) 

*= 15-708 >e 12*295 

. = *193.13 sq. ft. 

te") 

• « 
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Length of canvas = 

width 

= '93 - <3 sq- fti 
2 ft. 

= 96-56r, ft. 

= 32-188 yd. 



Fig T9 

* C 

(. ^ 

To this would have to be add^d all necesGary allow-v 
ances foi^ sea.rn‘s, See. 

Frustums of Pyi\\mius and Co?^ks. — The ttfrm*' 
frustum is derived from ^a Latin word meaning piece 
or bit. ‘ It^ is used mathematically to injiheate that 
pieOe, bit, or slice of*»a pyramid or cone which is 
contained between the base and any pKne parallel tb 
the base. The letters ABDE 40^ re- 

present jsometrically the Lustutn of a' regular'" '^ex- < 
It agonal pyramid, and QTVR that of a right circular*^ 
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cone. ^ A13DV1FG and HKLMNP are termed the 
e7ids of the frustum, and the planes QR and VT are 
the ends of the cone. It slioiild be noted that yie two 
ends in each case are similar figures; that is to say, 
they are identical in shape though not in dimen^ons. 
Thus, HKL'KiNP is a regular hexagon, similar to, 


w u 



but less than, ABDEFG; and TV is a circle less than 
‘the circle QR. • • 

, The ^laot surface of*any pyrarrrtd.'J frustum is made 
up of a number of tfapeziugis, one for’t^oy:!! j^ide of the 
base. !f the pyramid is right ^nd on a regular base, 
these trapeziums are equal to«each other in all respects. 
The wjiote surface of the fiustum combines*the slanF 
surface and the tjj^o end€. ». 

• Slant Surface of Frustum ot'' Right J^egular 
Pyramid. 

Let P t)e the jJerim^ter of lower end, 

* p be the perimeter of upper end. 
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and T be the slant thickness, i.e. fthe' thickness 
measured along the centre-line of one 
of the outer lateral faces, as indicated 
on the face AHPG. 

Then, if S be the area of slant surfaces. 


S 


^ ±J> 


X T; 


t 

that is to say, the area of the slant surfaces of the 
frustum of a right regular pyramid is equal to the pro- 
duct of half the sum of the perimeters of the ends and 
the slant thickness. 

VoLUMK OF FrOSTTM OF RUJIU' RKfiljqAR 
Pykamio.-- < 

Let A the area of the larger end, 

a — the area of the smaller end, 

‘ / - the vertical height or thickness, 
and V — the volume. 

I 

Then V = ^(A 4- s/ An -f a), 

A 


If the total vertical ]ieight h be known, then the 
volume of the frustum will be, 

* , • 

^ * Ah « 

Volume of^whole pyramid = ^ . 

. . /• rr ciih — /) ♦ . 

Volump of cut-off ^ortior» = — ^ — < 

* Volume of frustum = ^ 

* 3*3 

Ah - a(h -~^n 

'3' 
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Area of Curved Surface of Frustum of 
Right Cone. — If one keeps in mind the similarity 
between a regular polygon and a circle, as ^vell as 
that between a prism and a cylinder, it will be seen 
that the two v>pori meters in the frustum of a p()l)’^onaI 
figure correspond to the two circumferences of the 
irustum of a cone; consequently, the P + p in the 
•formula f(jr the former, i.e. in 

S = Lt X T, 

2 


are replaced by the signs for the two circumferences, 
say C for the larger, and r for the smaller; then, the 

surface area of the frustum of a cone is • 

* 

s = X T. 

2 


In every case however, the circumference is equal 
^ to times the diameter, or 27r times the radius. 
Hence, • 


if R = 
and r = 

S = 


the radius of the larger end, 
the radius of the smaller end, 

27rR -f 27rr rp 

-7-^ • T 

T(7rR -f^r) 

7rT(R -f r). • 


VoLU^iE OF Frust^jm OF RiGHT CQN^^. — Again, 
bearing in mind tlje sfmilartty mentioned abov^, add 
*that the vpfiime pf a right regular pyramid is re- 
pr^ntedT 

V =f -(A+s/Aa+a), 

» ' 3^ • 



t)6 TEXTlLIi MATHEMATIC^ , 

the required formula for the frustum cfl a right cone, 
with two circles of radii R and r, will be 

V = ^ x/^R*^ X 4* 

= -(R- + v/RV + r''-) 

^ f 

= ’'^(R"- + Rr + r'^). 

^ . 

Although it is unusual to conduct anv polygonal 
calculations in connection with cops, the mule cop is 
an excellent Jiubject for practice in these calculations. 
Example 6 i , — The dimensions of a cop of cotton 



weft appearhrf fig. 41., An inspection of the dimen- 
sioned sketch shofv^s that tiie complete cop is made up 
of the frustur.'is of two cones, ABC^ and DEFp, 
together with a cylin<^rical part CDGH; moreover, 
^he hollow centre of the cop is in the shape ^f a third 
frustum ot a cone. ^ • 

Vol. of cop = vdI. of ABCH 4- vol. oi DEFG 
+ vol. of CDGH - vol. of ABEK 

The right-hand side of the equaticw shall be taken 
. in stages (i), (2), (3), and ^(4). 
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(|)VW. ofABCH = 4- Rr+r*)- the hollow 

part to be taken off later. 

V, = i X +(.’,0-1 

3 ‘ • 

^ 3-1416 X ^•^(.375-’ 4- .375 X •o<)23 + -06252) 
3 

= i-6755(-I40<> + -0234-1- -0039) 

= 1-^755 X -1679 
= -2813 cu. in. 

• _/ 

•(2) Vol. ofDEFO - "^(R2+R/'+ r=)- tile hollow 
part io be taken olf later. 

V, = >)= 3. J X 

= -375 X •0 <j 375 + -09375') 

= -733(-*4o6 + -0352 + ‘-0088) 

= -733 X -1846 

= -1353 cu. in., 

(3) Vol. of CDGII - 3!)'/ - the hollow part to be 
taken off later. 

V, = -7H54 X (})' X 4, . 

• , = 1.767 ci». .-n.^ 

<4) Vol. of ABEF = ’'-V' + + ^)- 


- V. V, = -1- ..V X + (A)*] 

• = 3+',416 3_ ^ ^ 3. . 0625*) 

♦ •5 • • 

= .6 *5974^ 0088 4- *0059+ *0039) 

= 6 ‘5974 X -0*186 

= :i227 cu. in. 

• • • 

J 
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y8 

Vol. V = V, + V, + V3 - V, 

= -2813 + -1353 + '-767 - ->227 
= 2* 1836 — *1227 
= 2*0609 cu. in. in cop. 

'fHE Sphere. — The sphere is that geometrical solid 
swept out in space by one complete revolution of a 
semicircle, the diameter of which remains in the satpe 
plane and acts as a fulcrum. ' 

Fig. 42 represents such a solid swept out by the 
semicircle ABD rotating on its diametfr AD. The 



central point of the thameter AD is*^the centre 0 of 
the sphere; all straightMines drawn from this centre 
to the outsijde surface are radh of the sphere and are 
•equal to each other. ' * * ' < • ^ 

The section taken through any^plancT^^f the sphere 
is » circle; if this plane passes through tKe cen^ C, 
the section is termed a cerftral sectjpn, or sometfihies^ 
the great circle of the sphere. 
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Surface Akssa of Sphere. — It may be proved 
that the area of the outer surface of a sphere is four 
times that of its central section. 

If A = the surface area, 

* . r = the radius, ^ 

and Q = the diameter, 

th5 relation may be stated symbolically as under: 

In tJrms of radius. In terms oi dtamclcr. 

A = 4X’rr* *A = 4X ^D“ 

^ 47rr2 = 

- i2‘57r^. = 3* 14160% 


VouuME OF Sphere. — T he volume V of a sphere 
is rj'presented by the following equation :* 

V = 

= 4 X 3- > 416^8 

3 . 

^ = 4-i88r3. 


• If required, the volume may also be expressed in 
tewus of the diameter; it is more usual to measure 
the diameters of spheres than the radii, although, of 
course, the above equation can always be used by 
halving the measured diameter. 

• If D ts the diameter^ the raditis.is ^ Substituting 

— for r in the original expression, we have 

V = 4,(D)’.» 

3 '2/ 

4 D* 


•5236D*. 
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vSE(iMKNT OF A Spherk. — The segment a sphere 
is any part cut off the sphere by means of a plane. 

43 shows the part ADB of the sphere cut off by 
a plane passing through AB. AKB is also a seg- 
mgnt of the sphere. If the-plane paj^es through the 
centre of the sphere, it will divide the sohere into two 


D 



equal segments called hemispheres — literally, halfm^ 
spheres. • • ^ 

The base of any Spherical se^ijient is a dircle. The 
height ( 5 f the* segment ic given by a line drawn af 
right angles to the bi^se centre, as PU, fig. 43. « 

Curved Surface of^Sec.ment, — It may be proved 
'that, ", t * \ • 

thf Vathus of the«ccxnplete sphere, 
the height, 


if R = 
% h — 
and S = 
. S = 


the curved surface of thj^ segmei^ 
2 irRh * ' 


6. 2832 R A, 
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If desired, thef equation may be stated in terms of 
the diameter D of the complete sphere, tlius, 



~ ^5-! 4160//. 


'Volume of Segmeni. -The volume of a segment 
may be foun(t as under, where ^ 


V - tile volume of the segment, 
r*— the radius, 
diameter, 

h ~ the height from the base. 





^ *ZbNE OF A Sphere. The /one of a sphere is that 
part of the sphere which is cut off by, or lies between, 
any two parallel planes. riius, AI5CD, in hg. 44, 
^l^presents such a solid, its thickness being KF, the 
line drawn between the surfacej^ of the ^\vo circular 
eTids, and perpendicular to them.^ • 

Curved Surface of Zo^je. — The cbr.ved ‘surface 
*oT a zone\nay be\ound from the following data: 

R = the radius of the complete sphere, 

* i the thickness* of the zone, 

.and S = the cirrvtad surface of thje zone, 

the 

S = 27rR/^Or S =**7rD/ 

= 6*^832R/ = 3*i4i6D/. 


et^uatiorf 'being, 
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Notice that in both cases the curvei surface is equal 
to 

^circumference of sphere) x (thickness of zone), 

2 Trt ‘ X /, 
ttD X /. • • 

* 

In other words, the area of the curved surface qf the 
zone of a sphere depends only on the^ radius of* the 



sphere and the thickness of the zone. It follows tb*# 
all the z6nts of a sphere, provided they are equal in 
thickness, hav(f equal curved^syrface areas. 

Vol\jme> of Zone. — With the following data^ ^ 

V = 'the voltim|i of the zone, 

r, = the radius of one circular end, 

r, - the radinj of thfc other circular end, 

the equation for the volume of .a zone* is represeated 
by , c ' ’ 

V = + r^) V t\ 
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It may be aVi advantage to point out again that the 
subscript numbers 1 and 2 in and are used only 
for the sake of distinguishing between the different 
radii. The term is read, r one squared, and the 
term r/ is read, r two squared, the upper figure in 
both cases representing the index of the power to 
which or is to be ’raised. .Subscript numbers, the 
loweP ones in the above terms, should only be used 
when it is desirable to keep to a particular letter 
symbol, and thus avoid the introduction of more than 
one letter symb^)! for the same kind of (juantity, or for 
a term which may have many different values. 

Example 6j.— I t is calculated that the weight of 
each of the governor balls of a certain engine should 
be 60 .Hd. If they are to be made of cast iron ;vveigh- 
ing 0*263 lb. per cubic inch, find the common dia- 
meter of the balls. 


Volume of ball 


weight of iiall in pounds 
weight of 1 cu. in. of ('r.st iron 


60 lb. 

• 2^3 


228* 14 ( u. in. 


volume of sphere = 

D = 


.52360^ 

Volume of sphere 
•523b 


'I 

V 


V 

5236. 
228* 14 

^36 ' 


^ . = f-SS in. 

• ■ 

§ee Copter Vlf on Logarithms, in Part II, for methdil 
oP Ending the value^of 4/435*714. 
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* Volume r^qu^ed = vol. of segment FGil -f vol. 
of zone bEKL. 

V, = V. + V, 

= ^(3'^, - .2''') + ^'^(3(''i‘ + 4- c-j 

= ’y(3'' - /') + "-^‘13(3'^ + 2') + (i)1 
~ ^ (3 5 ■” ‘it r ■349 '( 3(9 -4- 4 ) + U 


3 - i 4 lif> X 14 


4 - -3491 X ,’,9J 


- 14-6() cii. ft. 4 - i3'77 t'li. ft. 
.i>S'47 ('ll. ft. 


Noth:. —A ll the above dimensions an* taken in feet; 
the result is thus in cubic f(‘et. 

Exercises, with answers, on p. j2i. 




EXERCISES 


Chapter II, 

pp. 2 7 

Write down tlie values of thc*followinf,^: 

4 * ) 

4 //S. iti. 

(2) \-.v. 

,, 0. 

(1 X h. 

,, ah. 

(4) -v X 2. 

, . 2 \ . 

(5) i 

,, 4/;. 

(6) 2r -f 

M S'"- 

(7) 

2 

’ ’ .V 

. (8) .v^3. 

V 

’ % 


3 

Find the value of 3.V when 


(i) X = 2. 

A)n. 6. 

(2) L 

,, iL 

(3) = - \- 

,, — iL 

( 4 ) 

,, 12^/. 

(3) V = - 6^/. 

, , — 1 8<^/ 

. (6) .V = - 3. 

-y- ' 


• . • • • 

3. Put into woids ihc#(ollovvini,'^ alj^'^cbrair^l state^pient: 

. ^ a X b X r X (/_ /i 

r + f -f- • k 


Expre^. in symbols : - The area of a circle equals 
• 7854 tiilies the square of Ihe cli^n*ter. 

An^. Let A = ai^a and*r/ = diameter, ?hen A = *7854^^. 

5. TJhe widkh*of a hexagon nut across the flats i^ gfiven 
by the^armula: = ii^/+ where VV =• the widtVi, 

^d the diameier of the bolt. Find W wben A is 

S in. . Ans, W = id, in. 

. IW * 8 , 


'» » 


* 107 
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T). Find the value of when : 

3 


(I) .V 

ii 

V* 

A ns. 

iL 

(2) .V 

= 18. 


6 ^: 

(3) 

- 180. 


fx). 

( 4 ) V 

-- *0036. 

M • 

sX)f 2 . 

( 5 ) ' 

- - 9. 


- 3 - 

((«) V 

^ 3/'/ — C)b. 


(1 — 2b. 


Chapter III, pp. 7 lo 

I. What are the \ allies of: 


(') 

8 

4- 

((. - 2). 

2I//V. 12. 

(2) 

9 

— 

(34- '). 

M 5- 

(3) 

LS 

— 

( - <> 4- 3)- 

,, «8. 

(4)' 

- 18 

— 

( - 2 - K). 

,, 28. 

'(5) 

— .V 

—r 

{x + .v). 

- 3'^' 

(<>) 

9yr 

— 

((),vi' + 3 a:i4. 

,, 0. 


2. Prove, by removinj^ the brackets, that: 

(1) ((V/ — 18) 4- -f r2) — (4^/ -f 20) = 5^/ — 26. 

(2) 2 (h -f /;) + (2a - /;) - 4// - .'2 = o. 


3. Prove, by ‘'iiuplification, t|iat : 

^ ^ 2 ' 3 

(2) “ -f _ 3 v- 


- 3 ^ - 9 - 


8 


+ 4 - 


4. Find the v?due of: 

[1) (3« 4“ -) — ( 2(1 — 2I) 4- -f- when r/ = 4 ; 

b ~ 2. ^ ■ ' ' 

(2) (,x —j>) 4- 3.^2 — (.r 4 r) when .v = 3 and 3' = — 

' A»s. (i) = 30. (2) = 37., 

I 

5. Simplify the fol'IovVint^: ' , 

(,) + 8 + if _ 49 - 3 e 

' 3 5 30 , 1,^ 

(2) M + 7" . - 3 _ -_S. . 32" +' 15 

i 21 7 42 42 
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UK) 


6. ^ivaluat^ : . 

(1) *7854 {a -f b) {(I ~ b) X A- X *263 when a = \o, b = 5, 

and A = 9. A)n. i 3q*43. 

(2) A ~ / [a b ~ /). Find A when / — - *5, n*— (>, 

and b ~ 4. Arts. *73. 

. . ' 

Chapter IV, pp. ii 16 

I? A merchant bn\s cloth at a slnllin^^s per yard, and 
sells it at r ^hilhn^^s p(“r \ar(l. What is his [)iofit per 
}ard? {y — a) shillin^^s. 

2. How many shillinj^^s are theie in X, \ How many 
£ are there Iff x sliillint^s.*^ 

A//^. 20A' shilhni^s. ' . 

20 

3. A 'aid c\lind(‘r makes 125 ie\ ohitioo'^ per minute. 
Ho\\*?n<uiy rt‘\ oliitions will it make in,/'/ seconrtsr* 


J//S 


25/;/ 


revolutions. 


4. A loom runs at 180 edecti\c picks per i^inute, and 
is wcavin*,'- cloth \fith 30 shots p(*r inch. How many 
yjjrds of cloth will it weave in A hours? lo/i \d. 

t 5.^ The horse {Miwer transmitted by a sin),^le belt is ),'‘iven 
by the formula: H.P. = where \V - the width in 

3 3, (XX) 

inches, and S = the speed of the belt in feet per minute. 
Mhd the H.P. when W is 8 in., and the .spi^d*is 2200 ft. 
p^r minutfe. , » * ^ ^4 

* 6. Fxpress the follov^ing^ str^tement as ,f rjiathvmatical 
f(# mgla : t^he nominal horse-power of a Lancashire boiler 
•supplying steam to a modern engi.te equaFs the product 
of 8, and the area of the fire-g^rate in square feet. 

Ans. fkP. =-.8F. 

> • • 

wjjere H P. = ^lorse-f^wer, and h' fire-grate area in 
square feet. ^ • , 

7. 'file overall lengtf\ of a spinning-frame pf a certain 
^vpe^uals the proc^^ct of the*pitch of the spindlesnand the 
number of spindles per side, plus 3 ft. 2J in. Fxpress,this 



I [(’> 
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as a forriuila, aiul use the formula to find the overitll len^»^tli 
ot a f/ame of 8{j spindles, 4-in. pitch. 

I. “ />N -f 3 ft. 2I in. 

29 ft. loA in. 

H# I'ind the weight of a cotton djivip^^-rope, ij-in. 
diameter, and 80 ft. lonj^, if 7a, the \veii^»‘ht in pounds per 
fo(U, is ecjual to '2‘](l\ r/ beini^ tlie diameter. 

Ans. 48*6 Ilf. 

9. 'rh(‘ workint;’ stress in pounds ut a c^Atton dri\inq'- 

lope ecjuals uhere d is the diameter of the rope in 

in( hes. l"'ind tlu* working stress In ,i 14-in. diameter 
('otlon rope. tAns. 4tp lb. 

10. The twist or turns per inch of a ciTtain type ofMax 
yarn is equal to twice the sq. root ot the count of the \ain 
wlune the count is ecpial to tlie number ol Uais ol 3CX) \d. 
each f)er poifnd. l{xpit*ss this sMubolicall) , and u;>e the 
result to ISblain tlie twist lor 40, 80, and 120 lea yarn.' 

Ans. 'r “ 2v^f\ where I' — twist, C -- count. 

1 2 ‘b^. >7 •'89. 2 i ’91 . 

1 I. d'he s|)ee(l (aI' a Certain class of looms (up to approxi- 
mately i<H)-in. reed spac(‘) in j)icks piH^ minute is eqiud to 
the ditfVrence betweim a ('onstant number 196 and the 
reed space of the loom. I'.xpfess this as an equation, 
and find therefrom the speed of .1 4()-in. 'reed-space loam, * 
and a 92-in. 1 eed-space loom. I’ — picks. C = constant. 

R - reed space. 

V = C - R. 

' i^c F - u/) — R. ^ 

150 picks por minute. 1D4 picks per minute. 

' ^ * . 

12. If the''' actual speeds’bf certain types of looms va^y 
inversely as the sq. ropt of the reed spa^ce, vvhalf should be t, 
the speed of a 92-in. rded-space loom if 150 picks per 
'minute it a suitable speed for a 46-in. reed-spare joom? , 
i'lj/.s. 106 picks per mihute. 

\ * 

Chapter V, pp. 16 23 * 

I. The overall floor-spaoe for' a heavly jute is/ 

9 ft. loj in. by 15 ft. 3 in. Find tfte area occupied iR 
squrfre feet. » , An^. >'50 *91, sq. ft. 

* . I f ■ ’ ' * . 
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2. Th<^ ovc*r<ill^loor-spact* tor a j8o spindle, 2^-in. i^au^e 
rm|^ spinninj^^-fi anie ( 140 spindles on eaeli side) is 4 1 It. 8 in. 
by 3 ft. It 40 machines are to be arran^'-ed in 2 rows of 
20 each, with 5 tt. between each pair ot macliines^4 in. 
between end ot pullev -shaft .ind wall to enable pulley to 
be removed, h ^t. /or the central pass, and 8 It. at ^‘ach 
end (jf the tlat, tind the ♦loor-space requiied. 

* . I flS. I I ,970 S(J. It. 

\ piece ot cloth is 4(^ in. wide and ux) )d. lon^^ I'ind 
»ts v.tlue if a ^(juar(«\ard costs 3\. jl/ts. if), 13c 4<'/. 

4. How many yards ot 27-itu'h eaipetin^^ would be 
lecjuiied to cover the floor of a rectan^ul.ir room 12 It. 
by lO tl., no^dlowance being n ade for fitting, ik.c. 

* .d//?. 28*4 t \d. 

5. Ill a iiil(' bieak(‘r card, f) ft. wide, 40 lb. ot material 

are so, ead over .1 length ot 13 \d. find the weight ot 
malemal spiead on the teed -(loth in pounfts pei s(juate 
yaici. I *538 11)^ per scjii.fie yard. 

() A small sample of bleached union huck (huckaback) 
measures 2/ in. by i j in., and weighs 11*7 g-r. If the 
cloth is 25 in. in width, find its weight in ounces per yard. 

5 o/^ p('r } ard. 

7. Two drop-curtains for a small stage are to hr.* made 
fretrn cotton cloth; the vgidth ot the st<ig(‘ (as well as the 
flushed width eff the 2 curtains) is 20 ft., and the height 
(3t the upper surface of the curtain support from the floor 
is 10 ft. If 6 in. (‘xtra are required at the top for a diaw- 
^ot, and 3 in. at the bottom and at each side of the 2 
curtains for hems, find the total area of tlie^.cVitli required 
in square yi^rds. • ‘ sq. yd. 


Chapter VI, pp. 23 30 . 

% 

I. A yarn chute is to be ereefed between two mill build- 
ings 40’ftf apart, from agioint 30 ft. from the g^round on 
one wall to a point, 10 ft.# abov#,tlio ground on the^thej; 
wall. P'ind th| length of the chute o/Aside the walls. 

• o ’ »* • 4 V 72 ft- 

^The falWrs in a /lax spread-board lie an angle ol 
^.I4^g. 20 inin. tG»th6 horiAntal. At what angje do the\ 
lie t(j the verticijl.^ Ans. 75 deg. 40 qjin. 
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3. What would be the area of a triiHigular icraper of 
2Cin. side, and how many could be cut from a piece of 
sheet steel 25^ in. lon^ by 15 in. broad, neglectini^ any 
was1?e due to cuttinj^'.'* 

Ahs. 2*706 sq. in. 1 40 complete scrapers. 

The end wall of the upper Hat of a* factory is 30 ft. 
wide, 10 ft. hij^h to the t.ilt(‘rs, and '18 ft. from tin* tloor to 
the rid^e ot the loot, all inside measurements. I'iiuVthe 
cost of painting two such end walls ab 2^/. per square )ard. 

A^/s. 15.V. Gji/. 

3. riie area of a trianj^ular plot of is 600 sq. yd. 

Find the leni^lh ot the base if the pei pendticular between 
the base and the \eitex is fx) tt. fx) jlF 

6. A firm ot bhMchers is ottered the use ot a trianj^ular 
field, the sides of which measure 18, 27, and 29 cliains 
respect! vely,*th(.' rent bcin^'- ^100. the firm has tficeady 
been ottered equallV suitable ground at ^,'4 per acre. Which 
ofli r should be accepted? 

Afis. The first, since it is fully 4.?. 3j<^/. per acre cheaper. 

7. Make use of thfe information };i\en in Example ig^ 
p. 30, to deduce a special formula foi* tindin^ the area of 
an equilateral tiianj^le, j^iven the lenj^th of one side. U^e 
this formula to check the result found in Exercise 3 above. 

Aris. If .\ ” area, and a — side, then A = 

8. A rope pulley rim is to be built in four sections aia^ 
bolted to a '.vi eel 14 ft. 2 in. in diameter. The four joints 
are to be machim^l, ^aid, in ordet to mark oflfnhe limits eff 
the macl^inin^, «it is necessary to Know the length of the* 
chord. (Set^ definition of c^iord in Cha^. X). Jlf tht uir- 
finished bore of the ritir 14 ft. lA in. in diameter, find the 
length of the chord. 

‘ ( _ t 

Ahs, Chord = v/2 x 84*713 in.- = 9 ft. ii *9.111. 

9. An isosceles tHangle has two sides, r^^ch ft., aifd 

a base of 7*4^4 ft. Find the altitude. 2*^ ft. 

10. Find the area of a trjangle^ the ba^e of whH^h is 
7*484 ft.\ and the vertical height 2*5*'ft. 

^ zifWk 0*355^^9.* ft; 
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Chapter VII, pp. 30 37 


1. The dia^'^onals uf a rhombus iiiteisi et at iij^hl ay^les, 
hence, obtain a formula for the area of a rhombus in teims 

of tlie dia'^onals. 

^ • • 


Noik. — A rea of trmni;le -- 


base X altitude 


A/JS. Let A 
ihAi A 


are.i, //^ and //, 

i/j (I , 


the diagonals, 


2. 'rite are<i»()f a parallelo^i am is c)o s(j. \d., and its 

basTi measuies 30 It. I‘'ind the pel pendu ulai distance 
between two parallel sides. A us. 27 It. 

3. i\ rhombus of 16-iiu'h side has an .iltilude of 15 in. 

Kind ks area in scpiare feet. A/A. 1 jj sq. ft. 

• ^ 

4. .\ size- or starch-lrouj^h for a dressini^>--machine is 
shaped in section like .1 trap(‘/iuni, 12 in. wide at the 
bottom, and 18 in. wide at the top. It tin; full depth of 
the trouj.;h* is 9 in., hnd the aroH of its cross section 
(equivalent to the v nd) in square inches. * 

.. ./Ht. 135 >q. in. 

5. Kind tlic r»nl, ^5 per acre, of a mill .site in the 
form of a trapezium, one diag^onal of which measures i8 
chains, and the off-sets from this diagonal to two opposite 
vertices being lo chains and 9 chains respectively. 

^ A us. ;625^, io.y. o^. 

* 6. A trapezium Al^Ciy has a diagonal AC 60 ft. long, 
while sides AB and BJ" are respectively ft. a^id 40 ft. 
in lengthy If the^off-set from*point D lo AO's 35 ft. long, 
find the area in s^are yards. A us. ''226 -g sq. yd. 


Chapter yill, |pp. 37'4i 

• * • * *. . * 

i. .V hexapc^ial bar of brass, used in makiryj nuts for 

the ^»tarch «%oxes of dressing-machines, measures Z in. 
acr^^s* one fa( 5 e, and 8 ft. ii| length. What, is the weight 
^•in pounds if i cu. ft. of brass weighs 518 lb? • 

Aus, 57 <2^ lb. 
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2. A re^ul;ir hcxa^^on is composed of ^ eq*ual equilateral 
trian^,des ; deduce a special formula for finding the area. 
(Refer, if necessary, to p. 28, Chap. VI). 

• / hiS . 2*598^2. 

3. Use th(; (urmula 2 • 5()8/>“ to find the area in square' 
fee# of a rej^ular hexagon of 18 in. sidu. 1 

^ J//.9. 5*846 sq. ft. 

4. If, in a dust-extraction plant, i sq. in. of pipe area is 
allowed for each 20 cu. ft. of air passinj^^ per minute, ^hat 
volume of air in cubic feet per hour •will j^ass through a 
hexagonal pipe ot 6-in.* side? 

yh/s. [ 12,233*6 cu. ft. per hour. 

5. On a supposition similar to that in (Jift*stion 4 above, 

find the length of side of a hexagonal pq)e which will pass 
KK),ooo cu. It. of air per hour. 5*6()3 in. 

6. Construct to any suitable scale a regular hexagon of 
()-in. side^ a«fd letter the vertices A, B, C, D, E, F, the 
centre O, Draw ftie 3 di.igonals AI), Bit, and Cl", divid- 
ing it into 6 equal equihiteral tii«mgles. Find the area of 
the hexagon, and pro\e that it is equal to twice the area 
ot the triangle obtained by joining AC, CE, and EA. 

7. An ocjtagonal dyeing-reel is ma 4 o of pitch pine; the 

width of each lace is 2 in., the width across the flats is 
4*828 in., and the length is 4 ft. ^Find its weig’ht in pounds, 
if I cu. foot ot pine weighs 34} lb. 18*37 IJ;). ' 

8. A i2-)d. circumference vertical warping- mill has 
24 spokes. Find the floor-space occupied in square feet, it 
being given that the perpendicular drawn from the cenWifc 
to the centl*e^f one of J[he sides is 5 ft. H'l in. 

f, ^ ' A?is. io£*56sq. ft. • 

t ' 

Chapter IX, pp. 

f 

. 1. The centre post of a vertical warping-mill is 2J in. 

diameter* tl^e cord which is wrj^ped round the’^post, bein^ 

in# '^iameter. What lAigth of cord, will the ceiAre post 
give oflf or take ilii in 12 revolutions of^yie mill? U.«>e 
TT “ 3.14. ‘ Wit, 89*49 in. ’ 

i. A main, driving-belt pulley is 8 ft. in diamete^^and ^ 
runs at vx> revolutions per m'lnute.* Find the speed di th^ 
belt Cm feet per minute. ^ Use t = If^aeother 
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pulley OQ the sai^e shaft is to have a bell speed ol jock) ll. 
per minute, what should be the diameter ot the pulley ? 

Ans. 2512 ft. per minute. 7^^ *43 diameter. 

3. A rovi 11 gf- frame delivers / inches of sli\'er per itiinute 
per spindle; the sliver is twisted by tin* flyer and coiled 
regularly upon n r<ive-bobbin. Find the eflective spe%d of 
the bobbin when the^ diameter over the \arn is x inches. 
Then use the expression obtained to find the actual 
effective speeds of the bobbin when / is 800, and .v is 2 in., 
3 in., and 4 ii^ diatfieter. 

/ • 

A//S. r.p.m. *27-4, 8^-9, t)3*7 r.p.m. 


Jf. A beam ot cotton }arn weighs 150 lb. net. The 
diameter of Cue empty beam is 5 in., and the diameter 
over the beam plus yarn is 14 in. What weight of \arn 
would be on the beam w'hen the diameter ove^ the partially- 
filled^eam is 10 in. \ ^ . 

b.S’H lb. with logs. 

63*79 lb. ordinal) method. 


5. A warp-beam is 6 in. diameter and has 24 in. diameter 
flanges. It is intended to put a ckain of 10 cuts (pieces) 
upon it in a dry ber.ming-machine. After the»first cut h.as 
j)een beamed, it is found that the diameter over the yarn 
is*9^ in. Will the warp4>eam hold the 10 cuts? 

lus. No, unless “ piling” is resorted to. 'The sectional 
area = 540 sq. in., i cut occupies 54*25 sq. m. sectional, 
hence 10 cuts would occupy 542*5 sq. in. sectional. Room, 
without piling, for 9*954 cuts. 


6. ThQ yarn on a warp-winding^bobbin («(^ Exercise 2, 
^hap. XIII^ weighs To. and contftin.%24 leas of 300 yd. 
each of 16^ linen yarn* the volume ot ya*n on the bobbin 
4 s 07*75^11. in. ^See Exercise i. Chap. XI 41 ). Find the 
approximate dian^ter of the yarn. % 


\las. *01824 in. or in. 


j 

7. *Fhe diameter d ofja linai ^arn is ecfual to 7 

* ^ 

where at:4nstant under given conditions, uid c is the 
cx)ufit of tfft yarn in leas of 300 yd. each per pouiKl. Find 
JS: i^6n c is T6 .leas -per ^ound, and d is. *01 824. •(See 
Exercise 6 above, •and Exercises 1 and 2, Chap.#XlII.) 

Ans k = 
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8. If the actual \alue ot k in Exercist 7 find the 

rc.il diametei- ot iL' linen yarn. A ns. in. 

(> 4 )ed uce a rule to find the area of a circle in terms 
ol its circuinteriMice r. 'I'hen use it to find the cross- 
sec^'onal area of a 3-in. rope, noting that rope-makers 
measure ropes by tlie circumferences of the latter. 

A ns. ^ — *079^86'- = -086’“. *72 sq. 'w. 

4^ ' • . 


Chapter X, pp. 56 64 

1. A top roller tor a leat \i\ a loom mt)\es lluouf.,^lf an 
anj^le of 270 <lej^»'., and with the thickness (if the strap has 
an ('tfective diameter of 2 m. f'ind the l{‘nj.,''lh ot the strap 
Pfiven otf whiai the leaf descends, and lenj^th taken (jn 
when the. leal rises, i.e., jrind the travel of the letCI.* 

* y///v. 4*7124 in. 

2. A top roller is attach(‘d l)y a strap to a leaf which 
has a 4-in. t raved, h'ind the (dlt'clixe diameter of the top 
roller if the arc of mov^'ment must not exceed 285 de^'". 

A ns. I <608 in. diameter. 

3. riie breast beam of a certayi loom is 48 in. wide anfl 
the tront is convex in shape; if the width at the end^ of 
the breast beam is 5 in., and at the centre 5I in., find 
the rjidius of curvature. 

Ans. 64*0156 ft. or 64 ft. ^ 

4. Refer Fig-. 45 ^nd to Example 63, and find the 
complete volume •of 4 he vertical' kier, remenibering' tha?. 
the voluine occfipicd by th^, pufFei'-pipe or vomiting-pipe 
in the centr<f must be deducted. 

• I, 

Ans. Segment. FGH 14*661 cu. ft. 
Zone DEKL 13*7^9. m 

S^gmenf ABC 3*404 **» 

' Cylinder AQlfi. 8*377 ,, 

Cylinder EFHE. 

266*406 

Puffer*pip€ " •* 1*816 

264*590 ^u.«ft.* 
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5. If t 4 ie clolli^iii the vertical kier, fiL,^ 45, occn|)ies the 
cylindrical portion only, i.e. EI^'HK, find what It action 
ol tlie total cubical contents is represi'nted by the above 
cylindrical portion. • 




224.024 

2 () 4 . 59 o 


.84%). 


6. the section of a Lancashiie bniier is () ft. diameter 
ins^e; it tjie level of the water is 2 It, from the top, (ind 
the width across tl*e surface ol the water, i.e. the chord. 
Let c ~ J cltord ; h — heii^ht ^lom w.iler level to top; 
r — radius. (Consult Examph* 40). Ans. 7.484 ft. 

7. The le\(J or surface ol w.iter in a <) It. I.ancashire 
boiitT is 2 ft. tioin the top. Ihis level ot watei ri*piescnis 
a chord eqmfl to 7*484 ft. (see answi-r to (Jiiestion 6 

.above; If the two radii dtaivvn to the two ends of the 
choid iiiake an an<;le of 180 — (2 X 33 dei^. 45 mm.), find 
the of the se^nnent. ^ ^ J//s. si '833 it. 

8. A sector in a 9-ft. diameter ciiele subtends an anj^le 

of 112] deg-, h'ind the area. A/n. sq. ft. 

9. In connection with Ivxercise 8, find the ditlerence in 
area between the sector and that of^he hemisphere. 

/hii. Hemispheta* 31*80x9. ft. 

Sector • 9*^7 ^9* R- 

1 )ifVei eiue 1 i .93 s(j. ft. 


10. The area of a sector of a circle is i().87 sq. ft., and 
tjje area in the triangle below tin* chord ot suc h s(*ctor is 
9*355 ^ 9 * What is the are a of the segrigert above the 
h'iangle?* • * K)*5i5sq, ft. 

Ti. A cylindricaUboWer of the Lancashiie type* is 30 ft. 
m Iwigth by 9 ft. Jn diameter; the t wo flues %/hich extend 
from end to end otVhe boiler are eac^ 3 ft. 5*in. in diameter. 
If the volume above tiK5^livel ol the water in the boiler js 
(10*515 sq. ft. X 30ft.), calculate thft approxi- 
mate number of g^llor^slof walkrvn the boiler, the^ 
W)lumc ojccupje^ by ft. ^ 

\Am. * • • 

Vok^f boiler — vgl. of^ubes — vol. of segmerK = cu. rf. 
igo8 - *550 - 3*5-45 =''*o42‘*55- 

i^»42*55/ 6-25 t= 6516 gall. 
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Chapter XI, pp. 65-6^ 

spur-wheel has 120 teeth; if the diametral pitch 
is 6, wliat is the diameter of tlie wheel? 

// //s, 20 in. 

• • 

2. A wheel of 10 in. diameter ha^, 6 teeth in 3- 1416 in. 
of the pitch circle. How many teeth are there in the wheel? 

^Ans. 6 ^). 

3. 'I'he diameter of the pitch circle of a#vvheel with 60 
teeth is lo in. Find the circular pitch and the diametral 

pitch. /Ins. *5236 in.; 6. 

• 

4. If cast-iron moulded ‘^ear-wheels should not hale a 
rim-speed (taken at the pitch circU*) ^‘^reatcV than 1000 ft. 
per minute, what is the largest number of teeth of No. 
pitch requirt;^! to run at 200 r.p.m. 

• ^ /Ins. 76*4, i.e. 76 t!t?c^h. 

5. The crank-shaft pinion of a loom lias 26 teeth, No. 3 
pitch, and ^‘■(‘ars with the bottom or low shaft-wheel of 52 
teeth. Find the distance between the shafts, centre to 

centre. * /ins. 13 in. 

« 

6. A spur-w'heel of ()6 teeth, 1^, in. circular pitch, runs 

at 100 r.p.m. I'ind the spet;d*.at the pitch circle in Veet 
per minute. /ins. ]2cxfft. per minut^. * 

7. Deduce a rule for converting'' diametral (or Man- 
chester) pitch into circular (or true) pitch. Use it to find 
the equivaleiU in circular pitch of No. 2 diametral pitch. ^ 

A ns. p • • *5708 circular pitch. 

8 . The overfill or ^itside diameter ^at poinife of teetTi) • 

rf a spur-wheel = ^ ", wbore N is the number of 

teetlj^ , and *IU is the, d^iymetryl pitcj^. Find the’ outside 
^diameter of a splr-pinion of 1 8* teeth, ij in. circular 
pitch. • . /‘yS^in.. 
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Cliapter XII, pp. 69 75 

F. The weij^hls and dimensions ot three* ddTerent kinds 
of bales ('ontainin*;r eoUon fibre are; 

I - Indian: lb. 4S in. x join. >< iH in. 

K ^ pti.tn :• 720 lb. 51 in X jji in. X 22 in.* 

15 — Hiazilian. 2Jo lb. 49 in. X 20 in. X iH m. 

F»om the^above particulars, calculate : 

1. The volui^ie in^ubic teet (xaaipied by each. 

J;/A. 1 — 10. F •- 2()* I 4. H ^ 10*21. 

2. Their relatoe dinsitu's in jiounds pei cubic toot. 

•///A. I -- 1 4 .S* 77 * ” -’‘.S.S* 

"y 'l'h(* spee ilic ^ra\it\ ol the eotton in tlu* lialed slate. 

No i:. Fse <j9b*5 o/. pei culm' toot ot walei, 

.///\. I -- *^447. Ic * 474 ^ I? * 41 ^ 1 ). 

4. •'ftie wei^dit of each kind ('VTK'd pe*i toiT latj*, 1 ship- 
pinj4 ton reckoned e‘(jual to 40(11. It. 

J;/9. I 14* 144 cut. I’^ I 2* 775 cut. B --- 7*b(4()cui. 

2. A rini^ -spinninj^-rrame packed for shipment \vei^»'hs 
147 cut. an(f measuies ^exicu. It. lt%|ocu. ft. = 1 shipping 
ton, uill tlie (relight i>e charj.^ed on deadu i*i^dit^)r measure- 
ipent? 2///.U 147 cvvt. - 7 tons, 7 cut. 1)\ uei}.^ht. 

*^(.x) cu. It«„ j^i Liy measurement. 

40 

l^rei^ht would be char^^ed by the latter. 

The inside measurements of a r(*ctanj.(^ular tank are: 
15 ft. long, 10 ft. broad, and 4 ft. (let p ••How many 
j^allons oi \wter will it l,ftld, if bj * 11. yeeup) i cu. ft. 

• ^ • J/^v 4 bf< 7 } fr**^^* 

’%4. *rhe j^ank mentioned in ICxercise 3 is to sunk level 
with the ground.^ llou many cul|ic yards must be ex- 
cavated if the sides, ei^J^ aiid bottom aie 3 in. ihic^? 
What. \Ce%ht of earth in tons will be reryov'^d, if its 
density is 90 lb. por ci^bf: footf. • 

• , #• * 34*^v3 fons. 

4. farinti size or st*arch mixture equal to 236 galU is made 
froijl«26 lb. of farina, c lb. of gloy, and 200 galL w^ter. 
4Vhlfr is the probaWe specific* gravity of the slarcl»ini?^ire? 
Take.1 ^\l q^wat^r = 10 Ib^ Ans, -9038 ».g. 
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6. Textile machines^ is packed for shipment in cases 
of the following dimensions: I *' 

(1) 4 6'^ X 3' 2" X 2 6" (4) 6; 6 ' X 2' f X 2; 2;' 

(2) c5' 5" X 3' 10 X 2' 4' (5) 17 i' X I 5 X I II 

(3) 5' 5" X 3' *0" X 2' 7" (6) 15' 4" X L 7" X i' 8" 

Fini the shipping weight when 40 cA. fi. = i shipping 
ton. 6*45 tons. 

Chapter XIII, pp. 7(>-84 

1. A warp-winding bdbbm has 4-in. diameter flanges, 
i-in. diameter barrel, and is in. between the flanges. 
\Vh(in the bobbin is just full, i.e. the yarn* level with^the 
tbinges, it contains 24 leas of 16’ bleache^ flax or linen 
^al•n. Calculat(‘ the apparent number of cubic inches of 
N am on the l>obbin. Use tt ~ 3*1^16. 

• <)7*74 Qi. in. <>7*75 (-'n- '>i- hy 

2. If the bobbin Inentio/ed in l^xercise i holds li lb. of 
yarn, find the specilic gravity of the \am in the wound 
state, taking i cu. It. ot water to weigh 996*5 oz. 

2J2/S'. *6142. 

3. Find formula tor determining the whole area of a 
hollow cylinder, l^se it to find the weight of sheet-lead, 

in. thick, required to covax- conipletely a hollow cylinder 
open at both ends. The external diamelo.- of the cylinder 
is 24 in., the thickness is 2 in., and tin* length is 481 in. 
The lead weighs *406 lb. per cubic inch. 

AfL^. tt^D -f (/) (/ + ^ *75*4 16.^ 

• * • 

4. The worker f>f a'fl.ix card is 5^ ft. ii in. wide between* 

its flanges, ij^id 5 in. in diaiTieter. Find the length of^caijl 
clothing, or liKeting, 2 in, wide req^red totcover its 
surface. ♦ ^Ans. ^-47 tt. or 46 ft. s'i in. 

“5. Thetpressing-roller of a jufe drawdng-frain\ measure# 

8 in.Jiameter by 6 ip. ^^vide. J Neglecting overla'p, find 
^the area in square inches of the I^aCher required to cov^ 

* cgmpletel^ its curved surface. I'Se t = ^‘Taib? 

^ • A?is. 150*7968 sq.*in.. 

G.rTTie l)ofe of a drain-pip» fron^a y'ftshing-machSAi is ^ 
( ^ in. ^diameter ; if the water passes through it aWhe rate 
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of I ?t. per Second, how many }^: 4 Ions will it discharj^e 
per hou^'' A/is\ 1 104 *48 gall. 


Chapter XIV, pp. 84-105 


1. The separator of a dust-extraction pi. ml is m;ule in 

two parts; a cylindrical tube, 10 ft. diameter by 3 ft. aeep, 
and a truncated cont; (or fiuslum) 10 It. diameter at one 
enc^ 18 in. diameter at the other, and vertical height 12 It. 
h'md its c^ft^acity in^cnbic feet .hn. cu. It. 

2. Find tht^number of stjuare Jeet of gal\anl/ed iion in 

the above separator, making no allowances lor waste in 
cutting, joint^, &c. At/s. 324*2. stj. ft. 


On a hon/ontal line \B .is dianutei, and to any 
suitable sc. ile,' const 1 net a siunicircle ol 30 in, r.adius. At 
•right .0 gl(‘s to .AB me.i'.ure 13 in., and thioiigh this point 
diau' a chord Cl) p.ir.dhd to .\B. At ,1 fiirtlier distance 
of Ti in. above Cl) draw .1 Vecond ^pai .iflc l %.hotd f.h', 
leaving a sc-gmemt () in. high, l.c't the semiciicle rc‘preseiit 
the elevation of ;i hemispheie. Misasiire Cl) and I'^h' very 
carefull) indec-d. d'hen use the* various lorimila' discussed 
in Cdiap. Xf\', .and prov e, by substitution, that the volume of 
the hemispluM'c ec{i#.als the sum ol the volumes ol the two 
zones and the segment. 

.2W.H. - .\ slight differ<^ice*m.iy be loimd which wall he 
diu’ to inaccunfeies of measuremcaU. 

4. An army bell-tent has dimensions as in big'. 3(g 
Find its capacity, and the numbei of cubic leet of air-space 
available for each of the 8 men who c^ccupy it. 

Ans. 314*16011. ft. 39* -^7 cu. IItI^ci jjerson. 

5. The fftllowing four expressio«is ^^pjiear m dilTerent 

^places for the \al%o (If the vmlume of a •.< gm< lit. Prove 
'itarthey are of ^ual value, r — radius^ diameter; 

h = height. ^ ^ 
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6. If the formula *1*0 r the volume j>f a segment is 

(3/- — //), prove that when k is equal to the diameter, 

3 

orHw^je*the radius, the above formula assumes that for 
a sphere, i.c. 

^ 3 ‘ 

7. The formula for the volume of a sphere = 

'I'Ik* formula lot tin; volume o( a hemisphere* — 

^ 3 

Volume of liemispheri* — \ohmu' of /one — \olume of 
sej^mient. 

If the formula foi the \ohmu* of .1 /one biv 


\n{f - /i)\y- - {r - 

«i 3 , 

prove that : » 

iTT/^ - \(r - //) (3/“ - (r - //)-] = (y - h). 

3 3 3 • 

8. ^\n or(^^nary ‘^•'ah ani/(*(l-iron bucket is 9 in. deep, 
12 in. di.itneter at the top, and 7 1 in. diameter at the 
bottom. How many j^m11oi>x of w.iter will it hold 
filled to the top.-* /I,/.?. 2*474 gal^. 






